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FOREWORD

The Argonne National Laboratory (ANL) program entitled "Environmental
Control Technology Survey of Selected U.S. Strip Mining Sites" is being
funded by the U.S. Department of Energy (DOE). The program was established
in 1975 by an interagency agreement between DOE's precursor -— the U.S.
Energy Research and Development Administration —— and the U.S. Environmental
Protection Agency (EPA).

This program has a twofold purpose which is related in part to the in-

terests of its two federal sponsors. The overall issue addressed by both
sponsors is the need to satisfy increased coal demand in an environmentally
acceptable manner. Each sponsor, however, has particular interests: DOE is

interested in the efficacy and practicability of coal mine effluent control
options currently in use, an identification of control technology problems
and needs, and recommendations for research in these areas; the EPA was in-
terested in an assessment of the validity of its effluent limitations guide-
lines and new source performance standards for the coal mining industry, with
this assessment emphasizing seasonal and climatic variation impacts on efflu-
ent quantity and quality. A program plan was outlined to (1) project future
coal production levels to the year 2000 as a basis for selection of case
study mines, (2) gather data on effluent volumes and characteristics at sur-—
face mine case study mines, (3) examine the efficacy and economics of current
effluent-control systems (treatment facilities and settling ponds), (4) as-
sess the validity of the effluent guidelines, and (5) evaluate potential en-
vironmental impacts related to increased surface mining.

Summaries of the program's various aspects are being published in
several volumes. Water quality data gathered at the case-study sites are
analyzed in terms of potential local impacts in Argonne report ANL/EMR-2,
Volumes 2A-2C, and in several reports in the ANL/EES-TM- series. This report
(included in the latter series) is being published essentially as received
(i.e., with only minimal revision) from the author-consultant named on the
title page. ALl sites were coded using state abbreviations in order to pro-
tect the identity of individual mines. In ANL/EMR-2, Volume 3, the efficacy
and economics of the various types of control technologies are examined,
along with physical and chemical characteristics of treatment waste products.
Report ANL/EMR-2, Volume 4, contains an assessment of the EPA effluent limi-
tations guidelines (and those of the U.S. Dept. of Interior's Office of
Surface Mining) for the coal mining industry relative to the data collected
under this program. Thus, this entire set of reports examines the efficacy
of various control technology options and assesses the potential environmen-—
tal impacts related to increased surface mining based on detailed case-study
site data.






ENVIRONMENTAL CONTROL TECHNOLOGY
SURVEY OF SELECTED U.S. STRIP MINING SITES

Water Quality Impacts and Overburden
Chemistry of Southern Illinois Study Site IL-2

William C. Hood

ABSTRACT

As part of a program to examine the ability of exist—
ing control technologies to meet proposed federal guidelines
for the quality of aqueous effluents from coal mines, inten-—
sive studies of water, coal, and overburden chemistry were
conducted at a surface mine in southern Illinois in 1976-
1977. Water sampling sites at the mine (designated IL-2)
included several points on the receiving stream (for mine
effluent), a tributary to the receiving stream, and intake
and discharge water for a coal cleaning plant. No chemical
treatment for mine drainage or settling ponds was used at
this mine during the course of the study. Water quality
data for parameters included in the federal regulations
generally indicated a sharp contrast between water in the
mined area and water in the coal cleaning plant area. The
latter consisted of a closed circuit with makeup intake
water originating in a drainage basin that has historically
received untreated and treated mine drainage. Water in the
mined area generally complied with federal standards for pH,
iron, manganese, and total suspended solids, while water in
the coal cleaning plant circuit occasionally did not comply.
Seasonal trends for regulated water quality parameters,
based on sampling every two weeks, were not evident. Over-
burden analysis indicated that for most lithologic units,
neutralization potential exceeded acid potential; the only
exceptions were for the coal itself and a thin carbonaceous
siltstone overlying the coal.

1 INTRODUCTION

The coal-producing area of southern Illinois is a portion of the East-
ern Region of the Interior Coal Province (Figure 1). Along the outcrop area
of Pennsylvanian-age rocks stretching across the southern third of the state
are some of the more important counties in terms of coal production. Perry,
Williamson, and Saline Counties have each produced more than 225 million tons
of coal since 1882, with much of the production coming from surface mining.
This study focused on a surface mine in this three-county area that is rea-
sonably representative of mines in the eastern part of the southern Illinois
area.



1.1 MINE SELECTION

The main factors in the selection of this mine as a site for the study
were (1) Argonne's desire to have a site in the eastern part of the southern
Illinois area and (2) the author's familiarity with the mine through other
projects at the mine and nearby areas. The study began in March 1976 with a
visit to the mine and selection of potential sampling sites. These sites
were described by telephone to Dr. Donald Johnson of Argonne to obtain his
concurrence as to their suitability and were then cleared with the company.
The actual water monitoring began in April 1976. Sampling was continued
every two weeks until July 1977, except for a period during late December and
January 1977 when severe weather froze the streams.

1.2 IDENTIFICATION OF SITE

The mine under study, which has been designated as Mine IL-2, is lo-
cated in the Illinois Coal Field, specifically within the Southern Producing
District (Keystone Coal Manual designation).
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T1linois, Indiana, and Kentucky

Fig. 1 Eastern Interior Basin in



2 NATURAL SETTING

2.1 PHYSIOGRAPHY AND TOPOGRAPHY

Mine IL-2 lies within the Mount Vernon Hill Country Natural Region
(Figure 2). This region lies within the Central Lowlands physiographic pro-
vince and is specifically located in the southern portion of the Southern
Till Plain division. The Mount Vernon Hill Country is an area of mature
topography, with flat to gently rolling uplands and prairies, and broad
alluvial valleys along the larger streams (Leighton et al., 1948). Wooded
hilly areas and low cliffs are present. The bedrock is dominantly shale ac-
companied by some thin, resistant sandstone layers which tend to form ridges.
A thin mantle of loess and Illinoian age drift, which only slightly affects
the topography, conforms to the bedrock surface. Glacial landforms are ab-
sent. The area is one of low relief, with the maximum difference in eleva-
tion between the highest and lowest elevations within a 7.5-minute topogra-
phic quadrangle being on the order of 100 to 200 feet. The area has a com—
pletely developed drainage system characterized by streams that have broad
terraced valleys and low gradients. Drainage is good in the uplands, but
larger valley bottoms are poorly drained and are subject to frequent flooding
(Leighton et al., 1948).

Many of the larger and some of the smaller stream valleys are filled
with unconsolidated lacustrine sediments deposited in backwater lakes. These
lakes were created about 20,000 years ago when meltwater from retreating gla-
ciers caused aggradation of the master streams bordering the region (i.e.,
the Mississippi, Ohio, and Wabash). Sediments raised the main valley floors
above the level of the local streams and caused ponding of waters in the
local drainage basins. The lacustrine sediments deposited in these lakes
form broad, flat, poorly drained valley bottoms. Many have been terraced by
subsequent downcutting of the area rivers.' Where encountered in mining oper-
ations, these unconsolidated, water-laden sediments cause many problems.

In the immediate vicinity of the mine, the average surface elevation
is on the order of 500 feet above mean sea level. The overall relief in the
area in which mining has occurred over the past 15 or so years is on the
order of 90 feet; however, relief along the highwall at any one time is no
more than 40 feet. Slopes of the valley sides are on the order of 5%, and
overall slopes of the rolling uplands are less than this.

2.2 CLIMATE

The climate of the southern Illinois region is typically continental.
It has cold winters and warm summers, both characterized by frequent fluctu-
ations of temperature, cloud cover, etc. Because no natural barriers inter-
vene, the area encounters the full sweep of winds bringing in weather typical

of other areas. Southerly and southwesterly winds bring warm, showery
weather up from the Gulf of Mexico, whereas northwesterly winds bring cool,
drier weather. Weather fronts generally pass eastward or northeastward "

through the area.
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Precipitation tends to be widespread over the region during fall,
winter and spring; however, summer rainfall typically occurs as localized
showers which may be of high intensity. Only three or four days of snowfall
exceeding one inch will occur in a typical winter, and the ground is covered
with an inch or more of snowfall less than 15 days per year.

Figure 3 shows the seasonal distribution of temperatures and precipi-
tation at a weather station several miles from Mine IL-2. Mean monthly tem-
peratures range from about 35°F in January to about 78°F in July. Mean an-—
nual temperature is 57°F. Monthly precipitation is fairly uniform, varying
from slightly over 3 inches in October to 4.8 inches in May (Figure 3).
Spring tends to be the wettest season and summer and early autumn the driest
period. Annual precipitation averages 46.8 inches.

Rainfall at the weather station during the study period is given in
Table 1 and is shown diagrammatically in Figure 4.

2.3 GENERAL GEOLOGY

Mine IL-2 is located near the south edge of the Illinois Basin, a ma-
jor subdivision of the Eastern Interior Coal Basin (Figure 1). The deepest
part of this basin is located close to the point where Illinois, Indiana,and
Kentucky join, but the geographic center is located northwest of this point.
In general, rocks along the southern edge of the basin tend to dip northward
to northeastward toward the center of the basin. In the mine area the dip is
about one degree toward the north. This results in a stratigraphic sequence
of successively younger rocks going from south to north in the area.

Several large fault zones disturb this simple picture in southern Il-
linois. However, with one exception, faults do not appreciably disturb the
Pennsylvanian rocks in the coal-producing €ounties. The one exception is the
Shawneetown-Rough Creek fault zone, located in Gallatin and southeastern
Saline counties. The fault itself is a high-angle reverse fault (Ross, 1963),
and displacement may reach 3600 feet (Wilson, 1959).

Two other major structural features disrupt the coal-bearing rocks in
the producing areas and merit description. These are the Eagle Valley Syn-
cline and the DuQuoin Monocline.

The westward trending Eagle Valley Syncline (also called Eagle Creek
Syncline) is on the eastern side of Illinois, mainly in Gallatin County but
also extending westward into Saline and southward into Hardin counties.
Pennsylvanian age rocks are strongly folded into a narrow syncline which re-
verses the usual northward dip of the rocks. On the south limb, the rocks
dip less than 5 degrees to the north, and on the north limb the dip is as
much as 25 degrees to the south. The syncline is bounded on the north by the
Shawneetown-Rough Creek fault zone.

The DuQuoin Monocline is located where the eastern edges of Jackson,
Perry and Washington counties adjoin the western edges of Jefferson and
Franklin counties. This east-facing, north-south trending structure drops
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on the eastern side by more than 200 hundred feet. The DuQuoin Monocline
strongly affects the thickness of the Pennsylvanian rocks that cross it, so
it appears to have been active during Pennsylvanian time, separating a more
stable western shelf area from a more rapidly subsiding basin (Fairfield
basin) to the east.

The coal-bearing rocks of Illinois are Pennsylvanian in age, with most
of the coal occurring in rocks of Middle Pennsylvanian age. Total thickness
of the Pennsylvanian section in southern Illinois ranges from about 1500 feet
in Perry, Randolph, and Jackson counties to about 2500 feet in Gallatin,
Williamson, and Saline counties. Several formations are currently recog-
nized, and cyclic sedimentation patterns are present within each of them,
The formations of interest in this report are, from oldest to youngest,
Caseyville, Abbott, Spoon, Carbondale, and Modesto. The Caseyville and Ab-
bott, which contain almost no coal, and the Modesto, which is not generally
present in the overburden of the strip mines, will be dealt with only briefly.

Caseyville Formation. In the western part of southern Illinois, Ty
St. Clair, Randolph, western Perry, and western Jackson counties, the Casey~-
ville rocks are either thin or absent. However, east of the DuQuoin Mono-
cline (i.e., eastern Perry and Jackson counties and further east), Caseyville
rocks can reach thicknesses of 300 to 400 feet and occasionally more thap 500
feet.




Table 1 Precipitation Data for a Weather Station near Mine IL-2

1976 1977
Day Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
i 0.41 0.65 | 0.06 0.70
2 (2 SL0 | e 022
3 DR EANE O ZeR[N 2580 0.17 [ [ o S [
4 DR 4 0RN0819 1.38] 006 0,22
5 0.04 0.06 ()0 S o s 0 it ] A7)
6 0.14 0.37
7 0.43 0.41 ] 0.33 0.40
8
9 0.94 1 0.05 0,20 0.03
051 0.54 05223
0.48 (JEE]
0.20] 1.34 () enE
0.06 0.02
0.44 0.83
0.15 0.18 070
0L 16 R090N N0 02 1.68 0.02
0.54
OIS 0.02 0.58
(R 0.38 = O0E O
=132 0.35 ORETGI 002 IO L0SINOR25
0.47 0.07
DE T3S N0
1930 0.55 1536
0.40 a7/ D278 201 0.03)0.14) 1.03
1.48 0.943' 0,12 0.15( 0.18
0.20 0. 14 0.77 0.02 0.14] 0.151°0.28
0.03 0.65 0.03 (0S| s 2l 0.54
%91 0.35 0.05 72550502 0.30
e AT TAE N0 TORN0N78 Q27 Q.12 R 3502
0.03 | 0.08 0.75 0736
0.88 0.24 U. 16




Rainfall (inches)

! AJA’ .]ulw I ||I Jd! L

Ll sk e

Fig. 4 Daily Rainfall at a Weather Station near Mine IL-2

l
l

133



The Caseyville Formation is dominated by clean, well-sorted quartz
sandstones characterized by the presence of small white quartz pebbles. The
sandstones, which make up more than 60% of the formation, are frequently
channel-form and may attain thicknesses of over 100 feet. Cross—bedding is
common in the channel facies. The sandstones, especially the thick channel
facies, are resistant to erosion and form the prominent hills and cliffs of
the Pennsylvanian escarpment in southern Illinois. The remaining portion of
the formation consists of siltstone and silty or sandy shale. Limestone is
virtually absent, and the rare coals are thin, lenticular, and discontinuous
(Figure 5).

Abbott Formation. The Abbott Formation reaches a maximum thickness of
about 350 feet in southeastern Illinois. It thins westward to about 50 feet
west of the DuQuoin Monocline and eventually nearly thins out in the western
part of the study area.

Lithologically, the Abbott Formation is similar to the Caseyville be-
low it, with about half of the formation consisting of sandstone and half of
shale (Figure 5). The sandstones are generally thinner, less well sorted,
finer grained, and more micaceous than those of the Caseyville, and the small
white pebbles that characterize Caseyville sandstone are absent in the
Abbott. Shales of the Abbott are less sandy than those of the underlying
Caseyville, and limestones are nearly absent. Coals are thicker and a little
more persistent than in the Caseyville, but are not generally of economic
importance.

Spoon Formation. The Spoon Formation is about 350 feet thick in south-
eastern Illinois and, like the underlying Abbott and Caseyville formations,
thins toward the west, especially after crossing the DuQuoin Monocline, west-
ward of which thicknesses are about 100 feet.

The lithology of the Spoon Formation is somewhat different from the
underlying Abbott and Caseyville formations (Figure 5). The shales contain
less sand and silt than those of the underlying formations. Sandstones of
the formation are not markedly different from those of the Abbott, although
they tend to be more argillaceous and micaceous. Both channel and sheet
facies of sandstones are present. Limestones are thin but have appreciable
lateral extent. They make up only a small amount (1l to 2%) of the formation.

Coals of the Spoon Formation are the earliest widespread coals of
Pennsylvanian age in southern Illinois. Coals of economic importance are
listed below.

e New Burnside Coal Member. This coal is well developed,
but outcrops are scattered. It attains thicknesses up to
5 feet.

e Murphysboro Coal Member. Occurring in Jackson and west-
ern Williamson counties, this coal locally attains a
thickness of 7 feet and is presently being mined close to
the Jackson-Williamson county line. It is not uniformly
well developed over the area of its occurrence.
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Palzo Ss.
Seelyville C.
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Fig. 5 Generalized Stratigraphic Column of Caseyville, Abbott, and Spoon
Formations (after Hopkins and Simon, 1975)
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e Delong Coal Member. Seldom over 2 feet thick, this coal
occurs sporadically throughout southern Illinois.

e Wise Ridge Coal Member. This is a thin, lenticular coal
widely distributed across southern Illinois. It is too
thin to be of economic importance.

e Davis Coal Member. The Davis is an important commercial
coal in southern Illinois. It averages about 4 feet
thick in much of the eastern part of southern Illinois
where it has been extensively mined.

e DeKoven Coal Member. This coal occurs from a few feet to
40 feet above the Davis coal, and the two are commonly
mined together. The DeKoven coal averages 3 feet in
thickness. It occurs mainly in southeastern Illinois.

The stratigraphic interval between the Davis and DeKoven coals merits
special mention. This zone frequently contains a black shale that is very
pyritic. Where the pyritic shale is exposed to weathering, it produces some
of the worst acid mine drainage problems in southern Illinois.

The combined thickness of the Caseyville, Abbott, and Spoon formationms
reflects and amplifies the westward thinning trend discussed under each indi-
vidual formation. This portion of the Pennsylvanian has a maximum thickness
exceeding 1200 feet in eastern Williamson and Western Saline counties, thins
westward to slightly over 200 feet in northwestern Perry County, and becomes
even thinner northwest from there. The greatest change in thickness occurs
in the vicinity of the DuQuoin Monocline.

Carbondale Formation. The Carbondale Formation is presently defined
as the interval from the base of the Colchester (No. 2) Coal Member to the
top of the Danville (No. 7) Coal Member (Figure 6). The thickness of the
Carbondale Formation follows the same general trend as the other Pennsyl-
vanian formations. At the inner edge of its outcrop area in Saline County,
it reaches over 400 feet in thickness and thins gradually both eastward and
westward. Across the DuQuoin Monocline it thins rapidly to about 225 feet
and continues the thinning trend westward until it reaches a thickness of
about 175 feet along the Perry County-Randolph county border.

The Carbondale Formation consists mainly of gray shale and gray silty

shale, which make up about 65% of the formation. Sandstones are locally
prominent and, when in channel form, may reach thicknesses of 100 feet.
Sheet-form sandstones are much thinner. The sandstones of the Carbondale

Formation are commonly subgraywackes and tend to be more argillaceous than
the older Pennsylvanian sandstones. Sandstones make up about 25% of the
formation.

Limestones are fairly common, widespread and persistent. A typical
limestone is gray to dark gray argillaceous and contains marine fossils. The
typical thickness of the limestones is 1 to 5 feet, but they occur frequently
enough to make up about 5% of the formation.
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Danville (No. 7) C.

Bankston Fork Ls.

Anvil Rock Ss.

Jamestown C.

Herrin (No. 6) C.

Briar Hill (No. 5A) C.

St. David Ls?
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DESMOINIAN
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Summum (No. 4) C.

Pleasantview Ss.
Shawneetown C.

Colchester (No. 2) C.

Fig. 6 Generalized Stratigraphic Column of the Carbon-
dale Formation (after Hopkins and Simon, 1975)

Coals make up roughly 5% of the Carbondale Formation. They are abund-
dant, widespread and persistent. Many are relatively thick, commonly ranging
from 2 to 7 feet and occasionally reaching 15 feet in thickness. Below is a
list of the coals of the formation, in ascending stratigraphic order, begin-
ning with the Colchester (No. 2) Coal Member at the base of the formation.

® Colchester (No. 2) Coal Member. This is a very persis-—
tent coal that locally reaches a maximum thickness of 18
inches in southern Illinois. Although it does not appear
to reach minable thickness in the area, its persistence
makes it useful as a stratigraphic indicator horizon.

® Shawneetown Coal Member. This was formerly called the
No. 2A Coal in southeastern Illinois. It is normally
quite thin but in a few scattered drill holes has been
reported to reach 8 feet. Where found, it is generally
about 50 feet above the No. 2 and tends to be absent in
the western part of the area.

e Summum (No. 4) Coal Member. This is another widespread,
persistent coal used as a stratigraphic marker. Gener-
ally thin, the coal is reported to reach a maximum thick-
ness of 2 to 3 feet in scattered drill holes in Randolph,
Perry, and Jackson counties. It has been mined in a few
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places in southeastern Williamson County and in Saline
County and was being mined in two small pits in that area
at the time of this study. It is associated with a black
fissile shale horizon, 6 to 8 feet thick, that overlies
the coal and makes the stratigraphic interval of the coal
evident even when the coal is missing.

Harrisburg (No. 5) Coal Member. This is the second most
important coal commercially in Illinois. It overlies the
No. 4 by an interval of 50 to 80 feet, with the lower end
of this range more common in southwestern Illinois.
Thickness of the coal reaches over 7 feet in Saline and
Gallatin counties. It thins westward to less than 30
inches in most of the area west of the DuQuoin Monocline.
One known exception to the low thickness west of the
monocline is in the southwestern corner of Perry County
and in an adjacent area in Randolph County, where the
coal is from 5 to 7 feet thick. In part of southeastern
Illinois, the coal is overlaid by a gray silty shale, the
Dykersberg Shale Member. Where this shale occurs, the
coal has lower sulfur content and more shale partings
than where the more common black shale overlies the coal.

Briar Hill (No. 5A) Coal Member. This is a thin discon-
tinuous coal known in southeastern Illinois. It is of
little commercial importance. It occurs in Gallatin and
Saline counties within a zone of sandy strata. It
reaches 18 to 30 inches in the Eagle Valley Syncline, but
its thickness is very erratic.

Herrin (No. 6) Coal Member. This is a bright-banded coal
which ranks first in commercial importance in the state.
The thickness pattern of the No. 6 coal is unlike that of
most of the Pennsylvanian units in southern Illinois.
The No. 6 coal tends to thicken going from eastern Galla-
tin County, where it tends to be less than 4 feet thick,
toward western Williamson and northeastern Jackson coun-—
ties, where it attains a thickness of 8 to 9 feet. How-
ever, in the middle of this zone of thick coal, there is
a coal cutout caused by a sandstone channel located ap-
proximately along the border between Williamson County
and Perry and Jackson counties. West of the cutout, the
coal thins to the 5 to 7 feet.

Jamestown Coal Member. This is a thin coal, seldom more
than a few inches thick. Four to six inches is typical
in the eastern counties.

Danville (No. 7) Coal Member. This coal was formerly
known in southwest Illinois as the Cutler Coal. It
reaches a maximum thickness of about 18 inches in south-
western Illinois and a maximum of 30 inches in the south-
eastern counties.
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The stratigraphic interval between the No. 5 and No. 6 coals is of im-
portance because it occurs as spoil material in many strip mines in southern
Illinois. The thickness of this sequence of rocks varies considerably, from
about 125 feet in eastern Gallatin County to less than 25 feet in western
Perry County. In general, the thicker, eastern portion of this interval is
characterized by a higher percentage of sandstone than further west, and the
shales are also thicker. Where the distances between the two coals is thin,
limestones and clays predominate, and the clays and shales tend to be limey.
In contrast to this, there is less than a foot of limestone present in much
of the eastern area. This lack of neutralization potential, coupled with the
presence of pyrite in the rocks above the No. 5 coal, allows the formation of
acidic mine drainage water where the No. 5 coal has been surface mined in
southeastern Illinois.

The Carbondale Formation rocks above the No. 6 coal present a differ-
ent environmental situation. Although pyrite is present in some units, es-
pecially the Anna Shale Member, there are enough limestones in the section to
neutralize acids generated by oxidative weathering. As a result, water
draining from overburden that contains upper Carbondale Formation rocks com—
monly has high sulfate, hardness, and total dissolved solids, but usually has
alkalinity exceeding acidity and neutral to above-neutral pH.

Modesto Formation. The Modesto Formation is the youngest Pennsylvanian
formation found in most of the coal-producing area of southern Illinois.
Thickness of the Modesto Formation is 225 feet in most of Perry County. East
of the DuQuoin Monocline, thickness increases to over 375 feet in northeast
Williamson County and thins again to a little over 300 feet thick in north-
ernmost Saline and Gallatin counties.

The Modesto Formation is characterized by gray shale, but sandstones
are locally prominent. The approximate distribution of lithologies is about
70% shale, 25% sandstone, 5% limestone,and less than 1% coal (Figure 7). It
has thicker limestones and thinner coals than the underlying Carbondale For-
mation, and the presence of red shales also serves to distinguish it from the
older formation. Coals in this formation are less than a foot thick and are
not usually of commercial importance.

Only one member of this formation merits mention here. The Piasa
Limestone Member (formerly called the Cutler Limestone) lies a few feet above
the No. 7 coal. It is generally less than 4 feet thick in the southwestern
part of the region but thickens to about 15 feet toward the east, where it is
known as the West Franklin Limestone. This is a persistent limestone horizon
which, because of its stratigraphic position in the lower part of the Modesto
Formation, may occasionally be encountered in strip mine overburden in areas
where the Carbondale Formation is thin (i.e., west of the DuQuoin Monocline).

Local Geology of Mine IL-2. The classical explanation of the middle
Pennsylvanian sediments of the Carbondale formation has been that of cyclic
deposition. Indeed, the sedimentary units of Mine IL-2 are parts of the
Brereton, Jamestown, and Bankston cyclothems. However, more recent interpre-
tations of these sediments suggest they are thin, interlayered, and interton-
guing deposits of a broad, lobate delta advancing across a shallow marine
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shelf, rather than classical cyclothems. The following interpretations, un-—
less otherwise indicated, are mainly from Givins (1967) and Utgaard and
Givins (1973). The accompanying diagram (Figure 8) from Givins (1967) shows
the generalized stratigraphic sequence at Mine IL-2 as deduced from old ex-
posures and mine workings over a several-year period.

The No. 6 coal is interpreted as forming in a series of widespread
peat swamps on a low, broad delta plain. Eggert and Cohen (1973) have noted
many similarities between fossils preserved in the coal balls that occur in
this coal and the peat of the southeastern United States. Overlying the No.
6 coal in discontinuous patches is a gray shale, only sparsely present in the
Mine IL-2 but thicker in other localized areas of southern Illinois where it
may attain a thickness of 40 feet. Its origin is ambiguous because the pres-
ence of occasional cephalopods suggests marine conditions but its distribu-
tion and concave upward shape suggest an environment close to a detrital
source. This may be a channel deposit or, in this writer's opinion, more
likely a splay deposit. Although this shale is unimportant at Mine IL-2, it
is of regional economic importance because in those places where it attains a
thickness of several feet, the underlying coal has considerably less sulfur
than usual.

Overlying the No. 6 coal, or the gray shale if it is present, is a
black shale of sheety fissibility, the Anna Shale Member. Fossil assemblages
at the very bottom suggest brackish water, but it contains marine fossils at
higher levels (Grenda, 1969). Three things about this shale are striking:
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the absence of a bottom-dwelling fauna, although other fauna are present; the
almost complete absence of disturbance of the laminae of the shale; and a
carbon content high enough that the shale will burn. Another important fea-

ture is the presence of abundant pyrite. These characteristics have led to
the interpretation of the shale as the first marine transgression over the
peat swamps in which the No. 6 coal accumulated. The water is thought to

have been shallow, with the bottom stagnant and poisoned with hydrogen sul-
fide from decaying organic matter. The fine, undisturbed laminae suggest the
bottom was protected from waves, tides, and storms, and it has been suggested
that a thick algae mat could have provided such proteciton and could have
been the source of the organic debris of the shale (Grenda, 1969; Givins,
1967; Utgaard and Givins, 1973).

The Brereton Limestone overlies the Anna shale. The Brereton Lime-
stone is a normal marine, very fossiliferous limestone. In Mine IL-2, it be-
comes more argillaceous toward the south as well as upward, suggesting it may
have interfingered with a shale source to the south. It may represent a fur-
ther advance of the sea over the delta plain, or perhaps just a disappearance
of the algae mat that likely was present when the Anna Shale originated.

Sediments of the Jamestown Cyclothem appear just above the Brereton
Limestone in Mine IL-2. The first unit is an unnamed gray shale. It con-
tains marine fossils similar to the Brereton at the top and bottom, but it is
only sparsely fossiliferous in the middle, probably due to rapid accumulation
of mud. It is interpreted as a prograding delta front.

Above the unnamed gray shale is marine limestone only a few inches
thick. It is very similar to the Brereton Limestone, except that it contains
fossil roots and served as a base upon which grew the plants that formed the
next unit above, the Jamestown Coal. At Mine IL-2, this coal has a maximum
thickness of two to six inches, with the more common thickness at the lower
end of the range. Its presence on the limestone may indicate a slight shoal-
ing of the water or perhaps a replacement® of the marine water with fresh

water. Above the Jamestown Coal, another thin limestone, the Conant Lime-
stone Member, is present. It is very similar to the limestone below the
coal.

Overall, the sequence from the unnamed gray shale just above the
Brereton Limestone through the Conant Limestone makes up the Jamestown Cyclo-
them. This entire sequence is lacking in the northwestern part of southern

I1linois. Overall, it appears to be a clastic wedge that entered southern
Illinois from the east and interfingered with marine carbonates in the Mine
IL-2 area. In other places in southern Illinois, the Lawson Shale Member,

the next unit above the Conant Limestone at the mine, lies directly on the
Brereton Limestone.

At Mine IL-2, the Lawson Shale lies on the Jamestown Cyclothem se-
quence. This shale is a medium gray, silty, carbonaceous shale. Some zones
in the Lawson are extremely burrowed and some trails and grazing traces are
present in the upper portion. Other types of fossils are absent. Wetendorf
(1967) suggest that the Lawson Shale Member is a prodelta deposit or a delta
front deposit on a lobate delta. Utgaard and Givins (1973) suggest an inter-
distributary bay deposit as an alternative interpretation.
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The Anvil Rock Sandstone Member is a light gray, very fine to medium-
grained, micaceous, argillaceous sandstone. Both sheet and channel phases
are present in various parts of the mine. The upper, thin-bedded parts of
the channel phases are continuous laterally with the sheet phases. Wetendorf
(1967) interprets the Lawson Shale and Anvil Rock Sandstone as being at least
partly time equivalent. These two units together are interpreted as being
the constructional phase of a low, broad delta that built out into the sea.

The Bankston Fork Limestone, an argillaceous, fossiliferous marine
limestone, is only locally present in Mine IL-2.

The surficial materials at the mine include glacial till, some scat-
tered sandy glacial outwash, and loess, all of quite variable thickness.

2.4 SOILS

The Ava-Bluford soil association dominates the area near Mine IL-2.
This is a group of light-colored upland soils that developed under forest
vegetation from parent materials consisting of less than 65 inches of loess
overlying glacial till. Ava silt loam is the well-drained and most common
member of the group that includes the very poorly drained Loy, poorly drained
Wynoose, and the imperfectly drained Bluford silt loams. The area of active
mining is almost entirely in areas of Ava and Bluford soils. Of these two
soils, Bluford tends to develop on area slopes of 1 to 4%, whereas the Ava
silt loam develops on slopes of 2 to 18%. All the soils in this association
are acidic, with Wynoose having pH values from 4.0 to 4.4, Bluford a pH about
4.5, and Ava pH values varying from 4.4 to 4.6. Ava soils are poor in nutri-
ents and have fragipans that retard deep root penetration. Bluford soils are
also nutrient-poor, but do not have the well-developed fragipan.

The Grantsburg-Robbs Manitou silt loam association is a group of soils
that has developed where loess cover overlies sandstone. The till associated
with the Ava group is lacking in this association. Gransburg is a light-
colored silt loam that has developed under forest cover on slopes from 2 to
12%. Robbs is similar but develops on slopes between 1 and 4%. Manitou is
the well-drained member, developing on slopes from 10 to 30%. All three of
these soils are acidic, with Grantsburg ranging from 4.2 to 4.6, Robbs from
4.8 to 5.2, and Manitou from 4.8 to 5.0, although the A; horizon of Manitou
soils can reach 6.0 (Fehrenbacher and Odell, 1959). Although this associa-
tion is not present in the area of active mining, it was present in some pre-
viously mined areas and is present in some areas destined to be mined in the
future.

2.5 HYDROLOGY

Surface Water. The study mine is located at the headwaters of a small
stream in the Saline River drainage basin. Little information is available
for this stream. A regional water-quality monitoring program conducted by
the Greater Egypt Regional Planning and Development Commission included a
station on this stream several miles downstream from the mine. During the
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period of May to December 1976, flows ranging from 0 to 32 cfs were measured
at the station, with flows in spring typically about 5 cfs (Hood, 1977).

The Illinois EPA has a monitoring station on the stream just above its
confluence with a tributary of the Saline River (Illinois EPA, 1975). This
location is also several miles downstream from the mine and contains dis-
charge not only from Mine IL-2 but that of several other surface and under-—
ground mines in the area. In general, the water meets Illinois general water
quality standards except for iron, manganese, sulfate, and total dissolved
solids. In this respect it is very similar to many other streams in southern
Illinois.

Groundwater. Only a small amount of water seeps from the highwall
into the pit. In general, the only time that water in the pit becomes a
problem is during periods of heavy rains. Groundwater does seep from the
older spoil material into the receiving stream. However, it was not possible
during this study to assess either the quality or the quantity of such seep-
age.

There are no significant aquifers in the area that may be directly
affected by the mining operations. The Anvil Rock Sandstone occurs in the
overburden but is not an important aquifer. Below the level of mining, some
sandstone occurs in the interval between the No. 5 and No. 6 coals, but is
separated from the mine water by several feet of underclay and shale, both of
which have very low permeabilities. Davis (1973) has examined the quality of
groundwater to a depth of 250 feet throughout much of southern Illinois. In
the mine area, the shallow groundwater typically contains moderate chloride
(40-160 ppm), high hardness (375 ppm and up), high sulfate (400-800 ppm), and
high iron (frequently exceeding 150 ppm). Such water is not potable. These
qualities are part of larger regional trends and have nothing to do with coal
mining in the area.

Throughout southern Illinois, there' are few areas of potable ground
water in appreciable quantity. For this reason, nearly all municipalities in
the area are forced to depend on surface water.
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3 SITE CHARACTERISTICS, SAMPLING,AND ANALYSES

3l MINE OPERATION

Production History. The mine operated under different company owner-
ship in 1935, and production has continued each year since that time. Annual
production has declined from about 1 million tons in 1971 to about 750,000
tons in the mid-1970s.

Expansion of the mine is planned, with the area of production extend—
ing into another county. This should increase the life of the mine by at
least 20 more years.

Mining and Reclamation. Mining is done by the area method. Overbur-
den is stripped from the coal by a 60-cubic yard Bucyrus-Erie dragline. An
ll-cubic yard Marion shovel is used to load the coal, with some of the load-
ing being done by front-end loader. Six haulage trucks were in use at the
time of the study. Reclamation is being done in accordance with Illinois law,
which requires that:

e Land, with certain exceptions, be returned to no more than a
15% slope.

e At least the upper eight inches of topsoil shall be replaced.

e Materials beneath the darkened surface soil to a depth of 4
feet contain no more than 20% coarse material greater than 2
mm. No more than half of the coarse material may be between
3 and 10 inches in diameter, and no fragments may exceed 10
inches in largest dimension. No more than 40% of the mate-
rial may be clay. »

To accomplish the reclamation work, two bulldozers are operated on a three
shift per day basis, and two pan scrapers operate two shifts per day moving
topsoil. A Northwest 3.5-cubic yard dragline is also used in reclamation as
needed.

Revegetation at this mine begins with seeding in late February or
early March with a minimum of 20 pounds of seed per acre. The seed mixture
consists of about 50% fescue, 10% alsike, and 20% each of alfalfa and lespe-
deza. Where physically and economically feasible, a similar seeding is made
in the fall on lands that were graded during the spring and summer months.
Where autumn seeding is done, a further seeding with legumes is made during
the following spring. Fertilizers are added as indicated by soil tests.

Effluent. No treatment of the mine effluent is being done. Settling
ponds to remove suspended solids have not been constructed; however, the path
of the drainage takes it through lakes that occupy old final cuts and haulage
roads. The rate of water movement through these lakes is very slow, allowing
lengthy residence time for suspended solids to settle out.
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The intake water for the coal washing plant is in a different drainage
basin from the area of active mining, and the water is of lower quality. The
water is in a large old final cut and is nearly a closed system, with very
little draining from the property. At one time, water from a large area of
gob was diverted into the washing plant water system, lowering the pH consid-
erably and markedly raising the iron concentration. This necessitated treat-—
ment, which was accomplished by introducing anhydrous ammonia into the sys—
tem. Use of this material was discontinued months prior to the initiation of
this study, and it is doubtful that any vestige of the treatment still exists
in the system.

The water flow relationships are shown diagrammatically in Figure 9,
which is a schematic diagram of water movement in the mine area.

Water Sampling. Water sampling stations were selected to represent
water prior to passing the area of active mining, within the mined area, and
essentially at the edge of the mined area. In and adjacent to this mine, it
was possible to examine water that has been unaffected by any mining activ-
ity, water affected by past mining activities, and water affected by modern
mining activities. Although Illinois has had a succession of reclamation
laws which may have affected water quality, it was not possible to isolate
waters associated with each stage in the evolving reclamation law at this
mine. The station numbers and sample station descriptions are listed below
and shown on Figure 10.

101 Upper reach of the receiving stream before it reaches
the area of active mining. The drainage basin of the
stream at this point contains a large percentage of
land that was strip-mined in the 1950s.

102 The receiving stream, after water has entered from the
present area of mining as well as areas mined during
the mid-1970s.

103 The receiving stream, just prior to entrance of a small
tributary that flows through a small lake occupying an
old final cut. This lake is bordered on one side by
spoil created by mining during the mid-1960s.

104 The receiving stream, after being joined by the small
tributary. This is close to the point where the re-
ceiving stream leaves the mined area.

105 The small tributary, prior to any influence by mining.
106 The small tributary, after traversing mined land and an
old final cut lake, but before entrance into the re-

ceiving stream.

107 Discharge from coal cleaning plant. The water flows
from this point to the lake containing Station 108.
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108 Intake water for the coal cleaning plant. This water
is in a different drainage basin and different coal
from the present mine area. Water in this lake has had
a complex history of quality modification by diverting
runoff from gob into it, treatment to raise pH, etc.

Highwall Sampling. The highwall of the active mine was sampled by
conventional channel sampling on fresh faces. The factors governing the se-—
lection of the exact sampling location were accessibility of the face and
safety of the sampling crew. Two different sets of highwall material were
collected, at a time interval about a month apart.

It is estimated that the two sets of samples were located no further
than 100 meters apart. A graphic representation of the highwall is shown in
Figure 11.

Chemistry. Partial chemical analyses of the two sets of overburden
samples are given in Table 2. With the exception of iron and manganese,

these analyses concentrate on heavy elements (Zn, Ni, Cr, Co, Cu, Cd, Pb, and
Hg) and not on the common rock-forming elements. The values in general are
typical for sedimentary rocks, with the exception of cadmium. The cadmium
values tend to be higher than is common for sedimentary rocks.

An attempt was made to determine the maximum amount of the elements
listed above that might be leached from the rocks under optimum conditions.
This was done by leaching 10 grams of pulverized rock with 20 mL of 1+1 ni-
tric acid at 60°C for 20 minutes. The amounts of the various elements
leached from the rocks, converted to parts per million of the whole rock, are
given in Table 3. Under these conditions, manganese is the most easily
leached element, with an average of 82%Z of the manganese being leached from
the overburden rocks. Chromium and lead are the least easily mobilized, with
11 and 14% of these elements dissolving. The remainder of the elements show
similar behaviors, with between a third and a half of the total being ex-
tractable.

Net Neutralizations Potential. Most units of the highwall have both
an acid potential and a neutralization potential (Table 4). For most of the
lithologic units in this mine, the neutralization potential exceeds the acid
potential, giving a positive net neutralization potential (NNP). This is
shown in Figures 12 and 13. By means of the NNP weighted by the thickness of
the unit in the highwall, an overall NNP can be calculated for the mine.
This value is 85 tons CaC03 per 1000 tons of overburden.

Coal. The Herrin (No. 6) coal is being mined at IL-2. A small amount
of No. & coal was produced for a short time while this program was in pro-
gress; however, the location of this small operation was quite distant from
the project area and was ignored. The analysis presented represents only No.
6 production.

The minor element chemistry of the coal was determined at the same
time as the overburden and is included with those data (Table 2, Samples 1
and 1D).
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Table 2 Total Heavy Metals in Highwall Samples

Sample
No. Fe Mn Zn cd Co Cr Cu Pb Ni Hg
1 19,630 94 52.0 3.0 1243 20.0 18.0 16.0 25.0 0.072
2 48,310 146 1176 78.0 104 1022 170 34.0 468 0.031
3 718 984 51.9 /14,0 25.0 35.9 24.0 116 61.9 0.020
4 57,990 682 87.8 18.0 24.9 99.8 33.9 106 79.8 0.778
B 48,160 605 153 6.0 33.2 77.6 33.8 263 67.6 2.212
6 32,510 566 132 4.0 37 61.8 239 132 39.8 0.841
7 29,050 537 106 2.0 24.9 59.7 215.9 35.8 49.8 0.172
1D 10,100 56.0 36.0 18.0 62.7 8752 12.0 38.0 30.0 0.008
2D 31,560 160 503 24.0 70.9 405 124 150 272 0.129
3D 113530 788 28.0 22.0 104 20.6 16.0 14.0 74.0 0.109
4D 54,300 1283 38.0 18.0 70.7 58.8 26.0 20.0 136 0.200
5D 48,960 590 128 16.0 91.6 76.4 3%.,0 1580 62.0 0.112
6D 25,020 542 879 12.0 62.5 55.9 20.0 735 55150 0.034
7D 35,470 781 79.9 18.0 37.6 9220 20.0 318 79.9 0,053
Table 3 Acid-Leachable Heavy Metals in Highwall Samples
Sample
No. Fe Mn Zn - cd Co Cr Cu Pb Ni Hg
1 16,470 32.9 36.8 0.5 2.8 1:2 6.0 2.5 7.0 0.034
/] 25,970 94.6 1150 5025 % 1355 1800/ 8136 7.8 280 0.033
3 10 546 2.2 10481259 4.7 4.1 Bl 11.2  0.004
4 315750 588 39.5 6.1 - 19.2 Sl 21.8 el 41.4  0.049
5 29,500 586 97.1 5ul o Akl @91 23.1 4.4 29.1 0.046
6 13,980 533 38.7 670 SRR 2/ 250 12.7 6.7 16.1 . 0.109
il 5,660 455 2151 6.8 6.6 4.4 74l 326 14.3  0.109
1D 7,590 47.6 10.7 0.4 1:2 1.0 87 2.5 5.9 0.008
2D 15,330 100 495 TR 28115730 & 45335 =102 13.8, 8173 0.020
3D 30 648 4.0 1 8 el 800 55 5116 b9 18.4 0.021
4D 40,860 1268 13 1.3+ Akl 3.0 150 = 0.7 5018 03016
5D 148 521 90.7 0.6 1605 12.9 20.2 6.4 30.3 0.024
6D 13,800 457 40.5 0.5 S N1256 5.7 12.0 6.4 19.6 0.007
7D 9,860 695 33.2 0.1 13.5 3.9 8.8 6.1 16.1 - 0.005




Table 4 Forms of Sulfur and Acid-Base Balance for Overburden

Monsell Sulfur Fraction (%) Tons CaCO3 Equivalent/1000 Tons Material
Sample Depth Value Total Sulfate Sulfide Acid Neutralization
No. (£t) and Chroma Lithology Sulfur  Sulfur Sul fur Potential Potential
7 20-0 10 YR 7/4 Clay 0.01 == 0.02 0.6 100.1
6 45-20 D EYRE7/2 Clay 0.06 0.01 0.05 155 37.8
5 60-45 GRYRE67I Siltstone, 0.54 0.04 0.50 1557, 16.3
shaley
4 63-60 5 YR 4/1 Shale, 2,35 0.30 2.05 64.1 9912
calcareous
3 69-63 N 7 Limestone, Q.22 0.03 0519 6.0 548.4
fine-grained
2 7255=69) N 2 Siltstone, 3.61 == 3277 11758 26.1
carbonaceous
1 Jd=12%5 SR YRE? /1 Coal 3571 0.10 3.61 LI20HE 9.4
7D 20-0 SEVRET /2 Clay 0.02 0.01 0.01 0.4 59.7
6D 45-20 5 YR 6/1 Clay 0.11 0.02 0.09 2.8 3755
5D 60-45 N 6 Siltstone, 0.65 0.07 0.58 18.0 24.5
shaley
4D 63-60 N5 Shale, 4.78 0.83 32095 123.4 471.8
calcareous
3D 69-63 N 3 Limestone, 0.25 0.01 0.24 755 554,2
fine-grained
2D 72.5-69 N 5 Siltstone, 2522 — 223 6857 2351
carbonaceous

1D 777255 N1 Coal 2.82 0.04 2278 86.9 16.1

8¢
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Short proximate analysis data were available from the company and are
presented in Table 5. Additional average data for the No. 6 coal in the mine
areas are given in the Keystone Coal Manual (Table 6).

Comparison of the mine values with the county average suggests the
coal at the mine is slightly higher than average in total sulfur, but is
otherwise typical for the area.

3.2 WATER ANALYSES

Flow. No flow data were routinely collected. Some flow data were
collected during the last few months of the project; these are tabulated in
Appendix E and presented graphically in Figures l4 through 19.

Dissolved Oxygen. This parameter shows a seasonal trend, being
slightly higher during the winter when water temperatures are lower. In
neither stream system is there any change as the water passes through the
mine. Dissolved oxygen was not measured in the slurry discharge stream be-
cause the high solids content fouled the probe.

pH. No discernible seasonal trends were observed in field pH, but the
values tended to be more erratic in the spring. This is probably due to
large flow variations during this season. No pH problem exists in the active
mine, and water from the old mining area actually increases in pH as it
passes through the modern mine. In the slurry pond circuit, pH is often low
and fluctuates considerably. It should be emphasized that this water is iso-
lated from and in another drainage basin from the mine water itself. The
fluctuations observed do not seem to be caused by coal processing. They are
more likely a result of variable amounts of acidic water entering the system
from an old gob pile.

Temperature. Temperature shows the seasonal variation expected from
the climate in the area.

Conductivity. There is no appreciable seasonal change in conduct iv-
ity, but there is considerable variation in the values for this parameter,
probably due to changes in discharge. Conductivity values in the receiving
stream decrease in value from the old mine to the modern mine. The small
tributary to the receiving stream, on the other hand, gains conductivity as
it passes through the mine. This suggests that although mining adds to the
dissolved load of a stream, modern mining techniques add less load than did
old methods. In the slurry pond circuit, the discharge side has higher con-
ductivity than does the intake portion.

Ammonia. Little ammonia is present in the mine water, and the param—
eter shows no seasonal change. Overall there may be a very slight tendency
for ammonia to decrease during passage through the mine. There is appreci-
able ammonia in the slurry pond circuit. Typically, higher values occur in
the discharge circuit, suggesting that some ammonia may be coming from the
coal itself. The high ammonia values may be an artifact of the anhydrous
ammonia treatment that was once used to raise the pH of the water in this
system.
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Table 5 Average Coal Analyses by IL-2 Company

Coal Name Herrin (Number 6)
Thickness
Description Bright banded bituminous

Following values average

for 21 samples during 1977.

Heating Value
(Btu/1b) 11,593

Proxinmate Analysis (%)

Moisture 8.23

Volatile

Fixed Carbon

Ash 11.78

Ultinate Analysis (%)

Hydrogen

Carbon

Nitrogen

Oxygen

Total Sulfur 2.96

Forms of Sulfur (%)

Pyritic (sulfide) S

Sulfate S

Organic S

Total S

Source of Analytical
Data
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Table 6 Coal Data for IL-2 Area

Coal Name Herrin (Number 6)

Thickness

Description Bright banded bituminous coal

Heating Value
?:tt‘;fb)a g 13,670 - 11,070, ave=13 970

Proximate Analysis (%)

o e 13.8 - 2.1, ave. 8.0

Volatile 40.4 - 29.6, ave. 35.3

Fixed Carbon 59.3 - 46.7, ave. 54.0

Ash 18.0 - 6.8, ave 10.5

Ultimate Analysis (%)

Hydrogen

Carbon

Nitrogen

Oxygen

Total Sulfur

Forms of Sulfur (%)

Pyritic (sulfide) S

Sulfate S

Organic S

Total § 4.2 = 0:5; ‘ave.. 15

Source of Analytical
Dain Keystone Coal Manual

1975, p. 68
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Fig. 14 Flow, Station 101

Fig. 15 Flow, Station 102
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Fig. 18 Flow, Station 105

Fig. 19 Flow, Station 106
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Chloride. Chloride shows a slight tendency to increase during the
winter. It also increases slightly going through the mined area, but as
values all are below 40 mg/L, this increase is of no consequence. The facts
that the most downstream stations are the ones that show an increase and that
the increase is almost identical in both stream drainages suggest this in-
crease might be due to a non-mining activity, such as fertilization of the
reclaimed land during the autumn of 1976. 1In the slurry pond circuit, there
is a tendency for chloride to increase with time. No appreciable differences
exist between the intake and outflow sides of the circuit.

Fluoride. In the mining area, all the fluoride values are less than 1
mg/L and show no seasonal changes. The only change passing through the mine
area is shown by the last station, where the lower values of the small tribu-
tary dilute those of the receiving stream. In the slurry pond area, fluoride
values are slightly higher but are still all less than 1.2 mg/L. There is no
significant difference between the intake and discharge sides except that the
discharge side is more variable.

Sulfate. There is no seasonal trend with sulfate, but there is wide
variation in the values, which is probably a result of fluctuations in dis-
charge. In the receiving stream, sulfate decreases going from the old mining
area through the modern mine. The small tributary, on the other hand, in-
creases in sulfate value from about 200 mg/L to 700 mg/L. These values con-
firm the conductivity data, which show the same trends. In the slurry pond,
the discharge side has appreciably higher sulfate than the intake, suggesting
that washing the coal adds sulfate to the water. However, the lack of build-
up of this parameter in the water over the course of the study is surprising.
Perhaps some sulfate mineral is precipitating from the water.

Total Dissolved Solids. This parameter behaves much like conductivity.

Suspended Solids. No seasonal trends are apparent for this parameter.
The receiving stream shows a decided decrease in suspended solids as it
passes through the old final cut lake. It is difficult to evaluate the small
tributary because it was dry so much, but in those weeks when it was flowing
the upstream station frequently had lower values than the downstream. This
is surprising because it flows through a small lake between these stations
and may indicate that some erosion is occurring within the mine. The mine
water does not appear to be subject to as large changes in values as the up-
stream station. The slurry pond circuit shows only that nearly all the sus-
pended solids settle out and that water at the intake point is comparable to
nearby stream water in suspended solids content.

Alkalinity. Alkalinity shows no seasonal variation. Going from the
old mining area into the modern, alkalinity decreases by about 20%. The
small tributary, on the other hand, picks up alkalinity passing through the
mine, but does not come up to the value of the receiving stream. In the
slurry circuit, the alkalinity of the intake water is low. The discharge
water has much more alkalinity than the intake water.

Acidity. The only time-related change observed in acidity was an in-
crease in acidity of all stations in the late spring of 1977. In the receiv-
ing stream, acidity decreases as the water passes through the modern mining
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area. In the small tributary, acidity is not as high and shows a general
tendency to increase very slightly as the water passes through the mine.
Acidities in this area are much less than alkalinities. In the slurry pond
circuit, there is little difference in acidity between the intake and dis-
charge sides.

Iron. No seasonal trends are shown for iron. In the receiving stream
there is a decided decrease in iron as the water passes through the mine un-
til the last station is reached, whereupon iron values increase and become
more erratic due to the entry of the small tributary. The iron values for
the tributary fluctuate but are higher than those for the receiving stream.
The slurry pond circuit has occasional high values of iron.

Calcium. Overall, there appears to be a tendency for calcium to in-
crease in the spring, but the values are erratic. In the receiving stream,
calcium decreases going from the old mining area through the new mine. The
trends are similar to those for alkalinity. There is no significant differ-
ence in calcium between the intake and discharge parts of the slurry circuit.

Sodium. There are no seasonal trends except for one high period in
early summer 1977, which might be time-related. The high sodium values coin-
cide with high acidities. The receiving stream shows little change going
through the modern mine. The small tributary has low sodium values coming
into the mine and picks up sodium as it crosses the mine. By the time the
tributary enters the receiving stream, the two streams have about the same
sodium content. In the slurry pond, the discharge water contains slightly
more sodium than the intake water.

Manganese. Manganese shows no seasonal change. There is a decided
decrease in manganese concentrations in the receiving stream as the stream
passes through the mine. The small tributary, on the other hand, increases
slightly. In both drainages, most values are less than 2 mg/L. In the
slurry circuit, manganese is much higher, usually above 10 mg/L. The values
fluctuate quite a bit, but there is no significant difference between the
intake and discharge sides of the circuit.

Aluminum. This element shows no systematic change with time or in
passage through the mine or slurry pond circuit.

Copper. Copper values are low. Like aluminum, copper shows no
systematic change with time or in passing through the mine or slurry pond.

Zinc. Zinc concentrations are low in both streams. No changes appear
to occur during passage through the mine. The zinc values of the slurry cir-
cuit are higher. The discharge values fluctuate greatly and are often much
lower than the intake water. This may be due to adsorption of zinc on the
particulate matter, and its subsequent release.

Strontium. Strontium behaves much like calcium. In the receiving
stream strontium decreases as the water passes through the mine. In the

small tributary, the opposite happens. An interesting relationship can be
seen in the slurry circuit, where the discharge side has more strontium than
the intake side. This probably indicates the cleaning operation releases
strontium to the water but it tends to precipitate out of the water before
reaching the intake point.
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3.3 TREATMENT EFFECTIVENESS

Because no treatment is applied to these waters, treatment effective-
ness obviously cannot be evaluated. However, the water leaving the mine has
to meet environmental standards whether or not it has been treated, so some
evaluation of its quality in reference to the suggested values should be
made. The sampling was not designed to determine the extent of daily fluctu-
ation or monthly average values. Inasmuch as the samples were taken at fixed
time intervals over a lengthy period, this investigator feels they are repre-
sentative enough to be used to judge both daily maximum and monthly average
values for the various parameters.

pH. The pH of water leaving this mine can easily meet the standards
of pH 6 to 9. Water in the slurry pond system, however, somet imes drops be-
low this range.

Total Iron. Effluent from the mine can easily meet standards of 7 or
3.5 mg/L daily maximum and 3.5 or 3.0 mg/L 30-day average. Water in the
slurry pond circuit, especially on the discharge side, occasionally exceeds
both 7 and 3.5 mg/L daily maximum, but should meet the 3.5 and 3.0 mg/L
30-day average.

Manganese. Mine effluent can meet either a 4.0 mg/L daily maximum or
a 2.0 mg/L 30-day average standard. The water in the slurry pond circuit,
however, can meet neither of these. Manganese is widespread in southern
Illinois waters and is related to pH and overburden characteristics. Water
associated with overburden above No. 5 coal in southeastern Illinois is con-
siderably higher than that associated with No. 6 coal. A comparison of the
slurry pond water with the mine water shows this well.

Suspended Solids. At the sample location closest to where the mine
water passes from the mine, only one sample exceeded 70 mg/L suspended solids
during the sampling period. This means the settling ponds were about 957%
effective in keeping the effluent below this level. Four samples exceeded 40
mg/L, meaning 86% of the samples were within the standard. Requiring a daily
maximum value for suspended solids does not, to this investigator, appear to
be a very realistic way to control effluent quality. This is because the
suspended solids are very closely tied to amount, distribution, type, and in-—
tensity of precipitation, in addition to the kind and amount of ground cover,
type of soil, etc. In the present case, in spite of very large settling
ponds in the form of old final cuts, the daily maximum values of 40 and 70
mg/L were both exceeded. It seems probable to this investigator that even if
a daily maximum value were higher, a storm of sufficient intensity and dura-
tion could add enough water to the drainage to cause flow through the ponds
to be rapid enough to carry suspended material to the discharge point.

Five samples exceeded 35 mg/L, leaving 83% below this value for the
sampling period. The arithmetic mean value for the discharge was 29 mg/L.
Thus, it would take only a small increase in the suspended solid load to ex-
ceed the 35 mg/L standard. To evaluate a monthly average value from only two
samples per month requires much extrapolation. If one assumes that each
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value is representative of a two-week period, then it would take two succes-—
sive samples with values greater than a given standard to produce a violation.
In this mine, one episode of back-to-back samples exceeded 35 mg/L, suggest-—
ing that the mine would be in violation one month out of 15, or about 7% of
the time.

For a standard of 20 mg/L, only 45% of the samples were less than this
value, and back-to-back values in excess of this number occurred frequently.
In about 7 months of the 15 the mine effluent exceeded 20 mg/L suspended
solids. Thus, this mine could not meet a 20 mg/L standard using natural set-
tling in spite of the very large settling ponds.

If this mine, using the large final cuts as settling ponds, cannot
meet a 40 mg/L daily maximum 14% of the time and a 35 mg/L monthly maximum 77%
of the time, it seems quite unlikely that a new mine being developed in the
same area but without the benefits of old final cuts for settling ponds would
be able to meet them either. Digging a pond of comparable size would be a
large operation in itself and might cause as much environmental damage as it
was designed to prevent. Many of the streams in the physiographic region of
the mine appear historically to have had a high suspended solids load, as
evidence by the names of some of them: Big Muddy River, Little Muddy, Mud
Creek, etc. Perhaps a monthly value on the order of 45 to 50 mg/L would be
more in keeping with the climate, geology, and soils of southeastern Illinois
and still protect the streams against excessive environmental damage.
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4 HEALTH AND ENVIRONMENTAL IMPACTS

4.1 1IMPACTS ON SURFACE WATER

The mine has certain impacts on water quality when compared to water
with no mining influence.

e Total dissolved solids are increased.

e Sulfate, which makes up one-half to two-thirds of the
total dissolved solids, increases.

e Calcium (and therefore hardness) increases.
e Iron and manganese increase slightly.

e Suspended solids increase slightly.

When compared with water coming from the old mined area, most of these
parameters actually improve. This indicates that the modern mining and rec-—
lamation techniques result in a better quality effluent than that from past
activities. The differences are due to at least two factors. First, more
attention is being given to preventing pyrite-bearing rocks from being left
exposed on the surface; modern draglines give a considerable degree of con-
trol in the selective placement of overburden materials. Second, the surface
is now graded so that more water runs off without having long periods of time
in which to react with overburden rocks.

Overburden handling is probably the more important of these factors.
Total dissolved solids, sulfate, calcium (and hardness), iron, and manganese
are all interrelated. If rocks containing iron sulfide are allowed to oxi-
dize, iron is mobilized and acid and sulfate are generated. Sulfate is the
main component of total dissolved solids, so that also goes up as sulfate in-
creases. The acid reacts with the overburden rock to release calcium, man-—
ganese, and other elements, giving as a net result an acidic, mineral-laden
calcium sulfate water.

The key to stopping this is to prevent the iron sulfate from oxidiz-
ing, or at least to keep the oxidation rate as low as possible. This can be
done best by immediately reburying the strata that contain acid-producing
minerals and by having carbonate-bearing rocks above them in the mine. This
is being attempted in the modern part of Mine IL-2.

The effect of topsoiling, which has recently begun in Illinois, cannot
be assessed at this time. What a law requiring replacement of topsoil does
relative to the question of mine effluent quality is to ensure that there is
a layer of weathered material, presumably free of acid-producing minerals,
above any acid-producing rocks. It should have the effect of reducing the
oxidation rates of any pyritic materials below it.
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4.2 IMPACTS ON GROUNDWATER

In this mine, impact of mining on groundwater quality and quantity is
minimal. There are no important aquifers in the mine area that could be pol-
luted, and the overall quality of groundwater in southern Illinois is already
poor.

The most important aspect of groundwater impact is the fact that the
mine itself creates a groundwater reservoir. The spoil material has a high
porosity and permeability and acts like a large 'sponge" to absorb large
quantities of rainfall. This stored water is then available as base-line
discharge just like other groundwater. The author has observed hydrographs
of streams with large areas of surface-mined land within their basins. Com-
pared with those of nearby streams, the peak discharges and low flows are
smoothed out. This should improve some aspects of survival of the stream
biota.
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APPENDIXES®

*The tables and graphs in Appendixes E and F are reproduced as received by
Argonne from the author, with no enhancement of the camera-ready copy.
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Appendix A

Analytical Procedure for Overburden

Digestion. The digestion procedure used was that of Shapiro and
Brannock (1962), modified slightly to provide higher concentrations of mate-
rial in solution.

a. In a Teflon crucible, weigh approximately 0.50 grams of sample to
the nearest 0.1 milligram.

b. Under a fume hood, add 10 mL of acid mixture, and swirl to wet the
sample.

c. Place the crucible on a hotplate, and heat until SO0 fumes start
to evolve.

d. Remove from heat, add 20 mL of distilled deionized water, and re-
heat, swirling occasionally, until material dissolves.

e. Transfer to 100-mL volumetric flask, and dilute to volume with
distilled deionized water.

f. Transfer to clean polyethylene bottle for storage.

Reagent. Acid mixture: 200 mL HF (48%), 66 mL HySOy (concentrated),
and 16 mL HNO3 (concentrated). Working under a fume hood, transfer the HF
to a 1-L polyethylene bottle. Add the HySO4, and allow to cool. Add the
HNO3 and mix.

Analyses. Analyses were made by standard atomic absorption techniques
except for mercury, which was done by a flameless atomic absorption technique.

Working curves, except for mercury, were made at 1, 2, 5, and 10 mg/L
with acid-spiked standard solutions. Unknowns were compared directly with
the curves. Dilutions, where necessary, were made with distilled deionized
water. For samples with values of less than 1 ppm, the signal was amplified
until the l-ppm standard registered 1000 on the instrument readout; the sam-
ple was then reanalyzed.

Mercury was analyzed with a 25-mL portion of the dissolved sample so-
lution, run as if it were a water sample. Standard solutions in this case
did not exceed 20 ppb, and samples were reanalyzed using smaller amounts of
sample if the value exceeded this amount.

Estimated Detection Limits

Fe il ppm Cr 1 ppm
Mn 1 ppm Cu 1 ppm
Zn 1 ppm Pb i ppm
cd 0.2 ppm Ni 1 ppm
Co 1l ppm Hg 0.005 ppm
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Appendix B

Coal Analyses

A l1-g sample of coal was weighed to the nearest 0.1 mg in a porcelain
crucible and covered with a loose-fitting lid. The covered crucible was
placed in a furnace and heated slowly to 600°C to oxidize the organic frac-—
tion of the coal. The crucible was allowed to cool, after which the ash was
transferred to a Teflon beaker. From this point, the sample was treated like
overburden material.
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Appendix C

Water Collection and Handling

Bottles. One 1000-mL bottle and one 500-mL bottle were used for each
station. Bottles were rinsed and acid soaked to remove any adsorbed ioms or
precipitates. Subsequently, they were washed with Alcanox and rinsed with
tap water, then distilled water,and finally distilled deionized water. After
air drying, they were capped until ready for field use.

Collection. Samples were collected as close to the midpoint of flow
and mid-depth as practical. Two samples were taken at each site, one un-
treated and one acidified. The untreated sample was filled as full as pos—
sible and then tightly capped. The acidified sample was not completely
filled to prevent loss of the acid. Care was taken not to disturb the bottom
sediment at the point of sample collection.

Preservation. The only preservation used was 2 mL of concentrated
HNO3 in the 500-mL bottle to preserve metals.

Handling. The collection and analysis scheme was designed so that
water samples were returned to the lab and analysis of critical parameters
(pH, acidity, alkalinity, etc.) begun within four hours of collection (and
often less).

Flow measurements. A cross section of each sample location was con-—
structed at the time the first set of flow measurements were taken. In
streams, flows were measured at mid-depth and mid-stream with a current meter
which measured velocity in feet per second. Water depths were measured at
mid-stream and used, in connection with the measured profile, to determine
stream cross—section area.

»
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Appendix D

Analytical Procedures for Water

Procedures were carried out according to Standard Methods (1971), ex-
cept those for ammonia and mercury, which used the EPA manual (U.S. Environ—
mental Protection Agency (1979).

Filtration. Filtration was done in the laboratory with Reeves-Angel
glass-fiber filter paper. Filtration was generally completed two to five
hours after collection of the sample, after alkalinity and acidity titrations
were completed for the sample.

Ammonia. Analysis was done with an Orion ammonia-sensitive electrode.
Standards were prepared at 0.01, 0.1, 1, and 10 mg/L NH3.

Fluoride. Analysis was done with an Orion solid-state, fluoride-
sensitive electrode. Hach total ionic strength buffer was added to the sam-
ple and standards to adjust pH complex interfacing ions, and ionic strength.

Total Dissolved Solids. Analysis was done by evaporation of known
volume (100 mL) of solution and drying of residue at 105°C.

Total Suspended Solids. Analysis was done by vacuum filtration of 250
mL of sample through Reeves—Angel glass fiber filter paper followed by drying
at 105°C and weighing.

Alkalinity. Analysis was done by potentiometric titration, as soon as
possible after opening the sample bottle.

Acidity. Analysis was done by potentiometric titration, as soon as
possible after running alkalinity. The bottle was opened, the sample ex-

tracted and run for alkalinity; then the bottle was reopened and analyzed for
acidity. Standard titrant was protected from atmospheric COp by an Ascarite
scrubber tube. Titration end point = 8.3.

Total Iron. Analysis was done by atomic absorption (AA) spectrohotom-
etry on acidified sample. Analyses were done in triplicate, and the average
value was used. Dilutions, when necessary, were with distilled deionized
water.

Ca, Mn, Al, Cu, and Zn. These metals were determined by standard AA
spectrophotometry on a Perkin-Elmer Model 107 AA spectrophotometer. Dilu-
tions, when necessary, were with distilled deionized water.

Sodium and Strontium. These elements were determined with a Perkin-
Elmer AA spectrophotometer operating in the flame-emission mode.

c¢d, Co, Cr, Ni, and Pb. These elements were pre-concentrated before
analysis by chelation with ammonium pyrrolidine dithiocarbamate and extrac-
tion into methyl isobutyl ketone. Standard solutions were similarly treated.
A Perkin-Elmer Model 107 AA spectrophotometer was adjusted to provide for an
organic solvent, and the metals were determined by AA spectrophotometry.
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Mercury. This element was determined by flameless AA cold vapor tech-
nique with the Perkin-Elmer Mercury Analysis System.
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ANCONNE HATIONAL LABORATORY
ECT Wator Data

Lol Sample Analyt-  ethod  Lower
lHathod Preser— ical Refer— Datec.
Paraozter Units Field/Lab vation Method ence LimLt
current
£E1yer a ni ——- ===
Eifluent flow| gal./min. Sy '
£ D.O.
Diss. Cxygen | mg/l = - T i p.48§
ol (£ield) = —- —- = - -—-
pH (lab) . -—- - -— - —
Temp. (water)| C° 5 = e = e
Temp. (air) €2 L == = pokr= o
Spacific pmwhos/cm %33?%?'
Conductance aE25C gl T meter
5 ol 23 Gl. fiber ion
Aomonia-N mg/5 i it5e Tab none | .o trode2s P-165 0.01 mg/1
Caloride o " " ritrationll, p.96 |0-5 mg/1
e " ion 1 172 0.01 mg/1
Fluorids mg/% > blectrodel 3
Sulfate mg/?l " o L, P-333 10 mg/l
3 evap. at
TD Solids wg /9 " T 1o§oc 1, p.290(L mg/}
TS Solids mg/$ W 0 fi%;g:— ., pe291 1 mg/1
TS bt
Alkalinity gg/é as SFilteted & titrationfl, P 5 mg/1l
aC0s r (CaCo03)
AcldiEy ng/% as pnfiltered itrationfl, P.50 |2 mg/1
CaC03 iy
gCaCOz)
of Water and Wastewater,

1.) Standard Methods for Examination

22)
U.S.

Manual of Methods for Chemi
EiwB ciiey

1974.

cal Analysis of Water and Wastes,

13th ed.
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ECT Water Data (Cuntd.)

FiliEens Sample Analyt— Mathod  Lower
MHzthod Preser— leal Refer~ D?tgc.
Parameter Units Field/Lab vation Metnod ence Limit
unfiltered | HNO, std. A.A{l, p210[(0.01 mg/1
Total Fe mg/2
Diss. Fe e R T B 7
A (e mz/% |unfiltered | HNO,4 std. A.A{l, p210{0.01 mg/l
H, Mz ML e _—— | - A (e S
£
" Na me/2 & " e%iggion 1, p316{0.01 mg/1l
v m ma /L ] 1 Std. A.All, p210|0.01 mg/1
" \ b " Stdes AsaAY L, pZ10HEOEEL mg/1
Al ng/%
" Cu ool 2 1 Std. A.A|l, p210|0.01 mg/1
" 7n e/l e o std. A.A|l, p210{0.01 mg/1l
" " £1 me ,
1 Sr mg/2 emission |1, p328|0.01 mg/l
7 " " flameless
Hg ng/2 A.A. |2, pl118(0.0001 mg/l
. : g e
' Cd mg/% k%2 |1, p211]0.001 mg/l
TS o me/L e : L 1, p211{0.01 mg/l
) e i i A g 1t p2 110, o1 me /A
" v o | e = ———— —— -— _—
" Mo o e -—
complex-—
v Wi mg/% |unfiltered | HNO, f{ng gtg. [L, p21l0.01 mg/l
- b il 2 " " 1, p211 (0.01 mg/1l
- K ng/l ' S5 5saT G EaEE s _—— | === :
1.) Standard Methods for Examination of Water and Wastewater, 13th ed.

2.) Manual of Methods for Chemical.Analysis of Water and Wastes,
LIS E SUE AR SR IROF (S
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Appendix E

Water Quality Data

Values in mg/% (except cond., pif, flow, and temp.)

—

e

Sagplirg Sites

e

301 *302 303 30 g P i
Parameter !
Flew, cfs i
Mss. 0 | 11,2 g.3 8.3 8.2 7.8
i (Field) | 7.60 7.45 17.20 7.40 500705
G [ 7.62 7.64 |7.01 17.23 6.64 16.98 | .
Tep. WOV 24 25 |24 23 32 - 123 =
Terp. (air) |
Cond. 5070 | 477 16562 | 6860 1 6562 6761 !
&y i1 (1.5 11.83 11.19 14,90 Tt
Cuorids | 66 13 64 21 23 16
Flwride | 0.66 022 | 0:i78 0.68 | 0.73 10.69 ?
safste | 99gg | 85 3105 3096 3289 | 3165
™ Solics | 4040 264 5362 6450 6245 | 6357
TS Solids | 86 492 62 21 66,880 | 44
Alalinity | 695 141 720 525 587 526
cidity 91 28 168 197 391 {358
Toral Fe | 2,00 | 10.4 11.0 0.30 | 57.9 |0.27
Piss. fe v G
» €1 | 50.4 21285 170 139 134 145 i
v vz | : |
o 10220 27,7 11481 1463 1424 ) 1372 i
- X E ;
o om 10,30 ! 0.7 0.22 D07 | B051D 0.14 }
S L 3ee |5 2105030130 0.03 "1 8.70 0,60 r
» o | 0.02 | 0.35 10.02 0.04 | 0.25 10.00 i
1N 0.01 0.04 10.00 0.01 | 0.02 | 0.01 |
o 179 % 0.11 2.60 8.5 1.99 9.10 4
- a |0-0192 p.015 0.015 [0.018 }0.026 0.016 i
'—_———__——_— . "
" G 0.07 0.02 10.04 0,07 | 0.05 0.09 ¢
Sty 0.00 0.00 10.00 0.00 | 0.01 0.00 ;
%0, A NI 3 i
LA 1 [ i
"N 0815 0,01 | 0,07 0.08 |.0,09 (o)1
L ) 0.04 .00 | 0.03 0.00 { 0.06 0.03

= gi)_o’_;_g;ooo}\_ogooo_z_@_-ooo;z_moooo 0.0001 :

- movwed downstream after this date in order to sample

additional drainage.
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i ARGONNE NATIONAL LADORATORY - ECT Wwater Data

Date _ 6/22/76

Mine Name (and/or code)

' . Values in mg/s. (except cend., pif, flow, and temp.)
5 Sampling Sites
301 302 303 305 3 L
Parareter
Flaow, cfs
"Diss. 0: 13,9 18,5 15.4 8.0 8.4 8.0

p (fi=1¢) 18,00 7.95 17.40 7.70 7.80 7.40

B (12b) 8.20 8.42 17.54 8.00 8.25 7.64

Tern. G1:9)! 20 20 20 20 21 24

Tezp. (air)

Cond. 6304 4912 17196 6579 4245 ;37350
Aronda-N | 4.17 2085 7.08 3.49 ke b Sile
Chlorids 93 84 98 20 13 13

Fleorids | 0.80 0-880 107 0.76 0,65 0.62

Swlfate 3078 2060 13139 shlepl 2245 2278

o snits | 5238 | 3772 6229 le436 (3590 ' 3662

TS Solids {135 76 45 28 52 39
Alkalinity | 731 603 880 327 326 340
ridy |6 | o 50 19 8 10
jotal Te (01771 0.14 0.00 0.02 0.18 0. Ll
Diss. Fe s

T 24.2 1.9 TS 38.10 595 48.7 49.3

" Az

M 5 1727 1474 1813 1637 1195 1199

= X

i ) 0.00 0.04 10.34 0.00 0.05 0.09

" _ K 161 0.68 Q.68 0,17 1078 V72

i) 002 0.01 _10.01 0.02 0.01 0.03

S 0.00 0.00 10.01 0.00 0.00 0.00

ST 2.39 1.34 13.36 309 2.83 2.87

w
e :
“ |
" v ;
o 13:)

i

" L)

* No Elaw
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ARGONNE NATIONAL LALORATORY - ECT Water Data

Mine Name (and/or code) Date 7/6/76

Values in mg/f (except cond., plt, flow, and temp.)

Sampling Sites

sy oang- 303 . 305, K IS
Parareter| _1 :
Flow, cfs
Diss- 0: |12.7 B A AR 757 8.9
pH (field) | 8,05 7.95 17.45 |7.65 |7.60 17.55
e Jew laipe l7.66 7,88 1990 1797 |
Terp. (H:0)} 23 24 25 25 27 26 ;
Terp. (air) % :
Cond. s541 | 5683 |7031 16604 15218 5294 ‘
aonia-S | 0.6 |0.85 12,68 11.00 1 iR ] :
cuorids | 95 114 |88 22 16 15
= lo.72 1o lo.s i}o.74 10.62 0.68
Sulfate 2641 2683 13348 3484° | 3093 3107
s | 4661 | amgs 16051 16429 | 4679 4965
TS Solids | 66 37 47 47 12,599 | 69
Alkalinity | 619 752|836 515 469 457
Acidity | 0 2 45 16 27 27
Total F= | 1.14 04221052 0.3 13,66 0.26
Diss. Fe g
e (P e 29.9 51,0 83.6 69.2 70.8 |
" My - J
w2} 1345 Tenst iy 3 S IR55EEINI0RE \
L] X X g :
~ w lo-_lool lo2s 1000 012sa 20,12 =

~ s lo.46 | 0.5 los6 10,33 0.63 | 0.23
§ o5 boys Loo.02 lo.oio.n0.01 0.07 | 0.06

i
'@
S

» 1 |gogp 1001 1002 10,03 0.01_ | 0.03 |
g LIEATT9 3,45 16.49 9,35 6.53 4.71 }
" ol : |
—————'———F—' ;
" .

e
e < 4 ‘
T |
AN MR .
g g :
S, : ‘
- ‘
i




Mine Name (and/or code)
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ARGONNE NATIONAL LAZORATORY - TCT Water Data

Values in mg/& (except cond., pil,

Date 7/20/76

flow, and temp.)

301 e e
Parameter ' I
RAov, cfs
Diss. 0 10.6_|8.0 7:6 7 742 1257
pH (field) | 8.10 BEo D760 Tharde) 7.70 8.10
pH (lab) 8.41 [8.37_ 17.88 8.02 8.27 8,39
Tem @0)] 27 126 los 24 25 gs |
Tezp. (air)
cord” 6759 | 6808 16962 6630 6842 6339 !
Azonia-N | 0.82 12,39 12,75 1557 850 2.1 }
Chlorids 137 150 94 28 26 22
Awries | 0.79 11,11 10.86 0.68 10.67 0.56
Sulfate 3275 | 3316 12907 2427 12901 3454
TD Solids 5855 6032 6350 6601 7181 6422
TS Solids 94 70 155 100 63 64
Alkalinity | 781 | 886 880 499 260 243
Acidity 0 0 37 29 5 0
Total Fe il s Dl 0.20 0,05 10.14
Diss. Fe -
e L Cldn g e a0, 3R, 2 8 Tl 2 !
e |
e 8517 | 2oss Slopgo =al200158A125628 SAIF1D70 |
e !
" M 0,04 t0.03 10.08 0.08 0.02 0,05 |
o Vo loraclegs leasecinanl 1006 |
« o | 0.02 |p,01 [0.01 0.03 0.02 0.00 _]‘
7 lotior Loy doopr o la.0uc do.0rc J 6,03 '
e B b o s] S|4 1B0E 5508 6.44 5,55 !
v i
T ' i
o Cr i
N i
et |
bee i |
o !
¥ el L i

No Flow
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ARCONNE NATIONAL LADORATORY - LCT Water Data

Mine Name (and/or code) Tate EE)/S)/7.0 W S

Valuss in mg/1 (except cond., pif, flow, and temp.)

301 302 303 305 Svg‘fl:jsﬁj_j’ﬁ)
Parameter l —l ' i
Flaw, cfs
Diss. 02 4 8.8 5.4 9.8 7.3 857

P (field) 17, 80 7570 7235 7.70 Thriops L0 el
B Jz1y 1799 {d.es 1806 |%.30 17.89

i

Te. (40123 25 20 22 52 es L

Tezp. (air) |
Cord. 666 365 4084 | 6194 | 6097 16038 :
#worias Jo,01_ lo.on loop1 lo01 1090 0.01 ' Py
ety 1] 79 25 20 21 : | :
Flworides in 37 10.25 0.79 0.70 0.61 10.69

Sulfate {203 84 1828 3495 3236 | 3652

D Solids 458 235 3356 6357 5696 15666

TS Solids | 244 102 144 62 53 20 . ! S
Alxalinity 1137 96 579 461 Syl g p
Acidity 18 7 44 27 14 29

Total Fe  |1.89 T1.496 1.24 0L29 0.26 D13

Diss. Fe 2

n ¢z 129.4 19,7 56,3 106 99.8 1101 |
(] : i
» xa {101 38,1 1006 1229 1161 {1149 |
o b 4 K i
a0 02 0.02 0,13 0.04 pEL0SI0:06 !
S g e e e e 5230 sl e Jublsia !
e oo togr le.q }0.00 1.0.02 0.00 i
e Aoz 12229 vhg.op. . | 0-00 46,00 t
s 0025 0.14 2539 6.42 (Etey L EEACIE] |
" cd |I
S , ;
i Cr |
S i
s i)

2
=
-




Mine Name (and/or code)
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ARGONNE NATIONAL LALORATORY - ECT Water Data

Valuss in mg/& (except cond., pi

Dates e 8/ Tk

5516731 ing Sﬁﬁi_

{, flow, and temp.)

301 302 303 305
Parareter l I
Flow, cfs |
Ciss. 0z 12.2 8.2 952, B 8.9 l
P (et | g oo | 7.70 |7.50 17.70 l7.80 17.48 l
p (lab) 7285 7552 57549 i L 7-16 7594
Tep. (#0)| 24 24 22 23 24 26 |
Temp. (aiz) I
Cond. 5498 875 6136 6205 16283 6264 :
Amcnda-N | 1,01 2 3hes| P38 (ok5y ) fole) ETE l
Qnlorids 109 46 99 28 28 24 |
Fworie | 0.64 | 0,19 lo0.70 10.65 l0.69 10.66 |
Sulfate 3049 144 3170 3594|3921 3625
TD Solids 5364 583 5993 6475 |6505 6613
1S Solids 206 84 136 58 639 51
Yalinity | 677 D78 830 487 489 482
Acidity 40 36 57 41 60 65
Total Fe L 0.37 | 0.86 0.14 12.21 0.15
Diss. Fe
5 o Lema U em e e s A i 1iSmal b Gl |
Wiy : !
* 1 12078 132 2181 1987 11949 1993 |
s - i
e e T L R T %
L 50904 2] 2.83 021 Y 574 8.21 ;
* o Pp.01 !0.01-10.01 0.04 10.03 0.02 :
wRRE 0 000 | i0z02] 0.03 1| e 0aE 0. 00 FAT0R08 !
n st S0 0,251 3.86 62030055 7 6.28 !
5 f
T i
e |
S ';
Bl !
o l
s |
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ARGONNE MATIONAL LADORATCRY - ECT Water Data

Mine Name (and/or coule) Date 8/30/76

-

Values in mg/% (except cend., pif, flow, and temp.)

ngﬁplmg Sltes

s 2072303 805 07 % ,____‘,___‘__-———
Pararetier l ‘ —_] ‘
Rew, cfs ‘
e | g7 110-% 180 3.6 9.3 : ‘
B (fim1) 8.00 [8:3 TED Fh0n 80 yEE o
F (lab) a6 118L31 7854 70 618015769 7281 l <_J
T @O 21 42 20 8 |2 o sk |
Tesp. (aif) f
mot. | 4699 {983 5805 | 6180 15084 15035 :
smonia | .82 11.38 1 3.66 0.56 Sl i
nggi.a___g_é__“‘)-” 92 34 27 54
worie | 0,79 -2 lo.so | 0.67 lo92 10.77
Sulfate 2502 1180 3355 3369 3269 329000 Sl SR
™ Solids _Am,_z_li 6050 6880 | 5465 5239
TS Solids | 131 28 40 64 k9,948 | 74
.u'f;i;_-.n_y___l._:s—l___ 854 280 658 354
cidity 20 0 |35 42 57 45
Tozal Fe 1ig5e4 0.2 0.18 (o)t el pACL Aol o2
o LR S 34.7 | 424 l3sa 1 42.6 !
e _ i
v g | 1143 180 1436 | 1423 | 1248 | 1128 |
e - !
" | 0.20 ¥ 941 | 0.28 10.85 }0.10 : | !

N —
" A 3.12 | 0.36 L_Q*ﬁz_,.i-_l,.u_'_q 12 ! 010

e
{

e i 001 0.02 01 0-02 1000 0.01 @

= = | 0.00} 0.0p | 0.00 } 001 10.03 10.00 |
o s | 193|020 | 458 L 5.2 0.77 | .93 a
" o Q.010 [0.011 {0.007 0. 042 lIDH01INI0L023 !

~ & |0.010 p.000 (0.010 D.010 10 Quo 10.010
e
= ¢ |0.000 jpo.000 {0.00010.000 0.010 |0.010

B -
"N gng7 0 10a260 (0} - ab(aT) o (h ZAEHD) % 370 |02
o il

|
- l.
w By 0.010 |0.050 {0.050 0.070 {0.060 [0.010 !

[6.0004D.0002 |0.0003 0008 |0.0006|0.0001 =




Mine Name (and/or code)
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ARGONNE NATIONAL LADORATORY - ECT Water Data

Valuss in mg/2 (except cond., pii,

Sammling Sises
Sampling 3gyes

Date

9/14/76

flow, and temp.)

301 302 303 1305

Parareter | I

Row, cfs

mss. 0 9.2 1-8 e A 8.8

Sies .80 17 50 | 7.80 }7:i0. 17.50 L J.00

Ein) 7.0 |i7es2 |hmiod 78676 IS T

Terp. @0 21,5 S ot 18 19 23 |

Terp. (air)

Cond. 1384 11915 | sene {aume 12037 ) 3062 :
mmeniat |01 [2:19 Loas lo.oa [ L.26 0.96 |

Glozic= S 2E0NS SR 71.87 125,83 122,14 1 21.29

Fluorids 0.84 (0.21 ()i ke 0T ) 0.79 0.76

Sulfate 490 123 2461 1953" 1929 1641

st | 999 s 4216 13172 13033 | 2643

TS Solits | 76 33 188 1117  l92,051 | 60

Akalinity | 229 o 386 216 835 302

Acidity LaEE 160 4 24 48 14

Total Fe 1.03 0.23 15512 lo.77 0.03 0.14

Diss. Fe

» c l18.0 |25 20.0 lez.8 | 71,4 156.7 i
"y l
S T A e e STV i S LS £ |
R |
o 0hnk dlhon se|mor ons IEISRIRESINQ D SR R0 10 5Y l
a1 I nig 231055 01 T !_
0 00 000rl0r01=En =005 SSIEp J0pE R K00T !
@ a1 0s00 0.01 0.01 }o0.00 0.03 0.01 !
STy 0380 | 0k s 2T A0TE D00 4.09 2.83 | o
" (o} | !
" o
s |
e !
wi b I
Nl |
e |
S =8 i
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JRGONSE “NTIONAL TALORNTORY - LCT Water Data

Mine Name (and/or code) : Date 9/28/76

Valuss in mg/L (except cond., pif, flow, and temp.)

301 302 303 305 §'? lang Sl»g

Parareter l [ ‘ | T l

Flov, cfs |
a0, 9.3 9.2 | 5.7 8.4 g% ‘
gl (fier) | 7.20 17.1 720 K6 Al The S 7o 50 720 |
pas | 7.79 |s.12 | 807 17.78 | 8.10 |7.97 | |
T @0)] 17 fs 16 T g | ¥
Tem. (aif) | |
Sass 1898 1770 12363 11715 13413 13474 '*
s 722 137 OhOE | 005N SN0 RO

Quorid: {78 7 e o Bl 6142 1556 || e HSEEE

Fluorice OEsAL| 05390569 gl 6] (5L 0.65
- Sulfate J555 216 1099 858 11905 930

™ Solids 11389 558 |1847 | 1366 {3149 B060

TS Solids | g4 247 287 43 53,380l 66

Alyalinity | 181 1170 165 92 807 296

Acidizy 18 5 5 9 9 11

e l7as lrie2 A B.27 1 0007 0.44

Diss. Fe

B s lez.asizo. 1 L6838 L 320 72.8 |
ot Mz : ‘
» pa lasn 166 630 | 338 953 | 739 ¥ g
- ;
» » |o.09 lo0.11 10.07 0.07 QRiDBEI SOENE !
e e V618, 0,28 o, Al @A

= Ca g0k goopligh 01 0.00 10,00 0.00 !
» 2 |g.o; |o.01 ln0> 10.02 lo.01 10.01 |
B Seee o5 lig,33 L0 85 i Semlige 9l 3.96 |
" cd

e .

= |
ey 1
e Fo ¥
- N |
e }
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ARGONNE NATIONAL LALORATORY - ECT Water Data

Mine Name (and/or code)

Date

10/12/76

Values in mg/2 (except cond., pif,

flow, and temp.)

Sampling Sites
{?\”-E ST

301 302 b,
Parareter|
Flow, cfs DRY
Piss. Oz 9.7 756 8.5 <y 8.3
pl (field) |7.20 730 7.70 7.20 7.28
g (1ab) | 8.03 g. 18 8.32 Zagor| /08
Terp. (00)| 14 15 15 16 1578 ‘
Temp. (air)
Cand. 1225 _}1216 2941 3039 13088 !
Amonia-N {0,071 _| T sl 0.96  In_ 45 :
Cloride 36,1 50.4 151.6 20.4 116.8 .
Flwrics | 0.54 0.15 10.87 0.69 G
Sulfate 384 151 1396 1447547,
moolids |g73 1696 2315 2367 12504
TS ©olids | 43 33 41 0,940 1110
AUalinity | 235 332 204 916 261
paidity 16 6 0 16 ak
TomalFe 10.70 0Ny al0-93) 0.08 0.34 i
Diss. Fo
SRR 2ol i 720 R R i
S 11200 183 695 544 551 |
i |
" 10,04 0,30 10.04 0,11 0.11 4_‘
»~ m lpog lo,03 11.88 El00 0.42 |
» a |g.01 0.01 __10.01 00?2 0.01 4!
» m |p.02 |0.03 10.00 0.03_ l0.01 ‘
~ st |g4s 10.37 .13 2 B i1 )
" !
e il
» cr |
e :
O |
Qe i l
= |
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ARGONNE NATIONAL LADORATORY - ECT Water Data

10/25/76

Mine Name (and/or code) Date

Valuss in mg/% (except cond., pit, flovw, and temp.)

et
301 302 305 Syppling Ghees =
Para.r:.eter‘ | i l l :

Flow, cfs \ ‘ ‘ L |
Tiss. 0: [9.8 9.8 9.0 8.7 9.5 9.3 il [ e ‘
(1) ii_.lo i L 7.60 0 6:90 7,0 | i
w0 746 7,88 7.97 |7.71 }1.93 7.08 | - 4{
Terp. (10){8.0 7.0 —
Te::p._(air)




Mine Name (and/or code)

66

ARGONNE NATIONAL IADORATORY - ECT Water Data

Date 11/8/76

Valuss in mg/f (except cond., pi, flow, and temp.)

101 102 303 305 @rine $pFS
Parameter|
Fov, cfs DRY
Diss. 0; 10 6 %6 1052 10.4
B (field) {7 40 6.80 7.30 6.90 7.28
@b |8.26 | 7.82 7.48 17.76 | 7.63
Tep. (9] 7.7 10.2 6.0 9.5 8.6
Temp. (air)
Cond. 966 945 2750 4409 4072 !
Azonia-N | 0,47 0.68 0.14 2.73 1.95
Quorids | 43.7 41,0 30.4 43.3 20.9
Flwrids | 0.45 0.25 0.58 0.91 0.98
Sulfare 346 232 1723 102676 2712
™ Solids | 725 693 2745 5061 4290
TS Solids | 24 itk 563 39,414 | 58
Aaiinity | 124 295 227 677 385
Acidity 3 28 35 45 44
Total Fe 0.34 0.23 Q.42 0.25 0_18
Diss. Fe
SRNCa e 34,2 101 90.7 92.0
e szl 2
" x 1130 144 521 1072 973
b X
pE i SRl 0.37 0.78 0.28 0.84
MRS AT 0L 45 R 002 0,47 (oL 7292 0,13 v
* o |01 | 0.00 0.0 o). pioz o661 !
o T 0.01 0.01 0.01 0.02 0,01 |
= st | 0.50 | 0.40 3634l vimpin A T0y ‘
S » |
S i
L €r:
S !
SR |
~ w |
i ) :
" i
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ARGONNE NATIONAL LADORATORY - ECT Wwater Data

Mine Name (and/or code)

Values in mg/f (except cond., pi,

as&gxpl ing Sites

Date _11/22/76

flow, and temp.)

301 302 303 305 Al =
Parameter : T l
Ao, cfs DRY |
Diss. 0 [12.6 | 15.0 11.9 10,8 | |
pi (fie1d) | 6,90 17.30 6.80 | 7.00 17,10
B (1ab) 18.07 8.29 Z2 7.71 17.82
Terp. ([:0)1 2 5 4 5 7
Temp. (air)
Gand. 1092 | 836 4540 | 3664 13535 e '
Awonia-N | 0.03 0E52 0.03 2.17 12.21
Chlorids 44.8 58.9 19.8 28.7 16D
Fluorida 0.46 0.18 0250 1.21 1516
Sulfate 414 175 3598° 2804 2552 —
P_‘ilff__ 954 707 5959 4538 4105
TS Solids | 29 66 83 71,285 172
Mkalinity | 284 320 369 883 378
Acidity 24 3 102 59 54
Total Fe | 0.29 0527 0.64 0.03  10.20
Diss. Fe -
= ereme PIEE 78,0 [71.9 167.4 l
NG - |
s s 140 1046 1045 1945 \
: i
e |
- w lo20 10.61 2.06 |0.28 10.65 t
» m lpo,53 10.05 0.86 ~-10.05 - [0.43 :
v a |0.02 0.00 0.02 0.01 .02 |
» 2 |0.01 }0.00 0.05 10.02 D.0L I
g se 10.65 0.44 512 5.28 FoRS |l
S '
i e
.
e A SN S
" b
yii Ni
L )




Mine Name (and/or code)
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ARGONNE NATIONAL LADORATORY - ECT Water Data

Date 12/ 6/76

Values in mg/% (except cond., pi, flow, and temp.)

Sampling Sites
Baﬁ? TN

301 30257308 305

Parareter l

Flow, cfs

e sl BTR a  s 12,3

M (field) | 7,30 8.00 ]7.40 7ix20 7.00 16.80

mo |7.72 l7.97 [8.03 {7.61 }7.86 17.89

Terp. (10)} 1 2, il il al 3

Tezp. (air)

Cond. N 55E 9954 | 4518 1486 :
womia¥ 0.09 | 3.84 l0.56 10.28 |5.81 15.78

(hlorids | 45.4 58.1 |21.6 22.3 8L 18954

Fluoride | 0.36 0.17 10.47 0.39 0.78 10.82

sufe | 530 182|527 1557° | 3046|3208

Em D05 L7h20 . |1895 2407 | 5773 lss7s

TS Solids | 108 71 224 7 57,879 1139

Alkalinity | 275 356 105 170 52 540

Acidity 24 24 9 25 61 53

Total Fe 11,32 0.80 |5.30 Ik (Gt O LBRT|0L85

Diss. Fe ¥

v |34 27 THNE el e |
= ' _ i
= ol o 210|374 1148 '1195 1
S 'i
el iy fo.12 10.CE I EeE e il
% m loes loos {187 1058 "1 0.13 iD0g '
i 000 Jipnoz e N| ot 0nE S S0E 01 0)ZaD :
2 oo o0z lo.os \.0.03° 10,08 " lolas !
S iy ok {0.70 - 1e.dh Tl aniEea '
w @ [-002 [0.012 {0.020 10.016 %0.009 l0.013
v o |o.011 |o0.004 |0.003 |0.002 | 0.023 10.004 i
~ ¢ |o0.005 |0.016 |0.014 |0.011 | 0.010 10.010 !
- - .
" v I
« i 10.003 |0.004 | 0.004 | 0.003 | 0.067 |0.014 |
~ m l0.09s |0.004 |0.055 | 0.028 | 0.007 [0.036 |
. 4 P-0003]0.0011p.0006[0.0012p.0010{0.0005 i
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ARGONNE NATIONAL LAZORATORY - ECT Water Data

Date 12/20/76

Mine Name (and/or code)

Values in mg/& (except cond., pi, flow, and temp.)

B e e

301 302 303 305 SaEpline $Hr° o o
Parameter » l .
Hov, cfs DRY |
iss. 0 |12.4 | 14.0 1252 10.8 ‘
W (i) 17,40 17.60 740 {7.10 17.00 |
M ) |8.19 8.08 7.53 1IN 7582 |
Tep. GhO3|5 4 3 5 7 |
Terp. (air) 2 L l
Cond. 1247 | 1076 2461 | 6468 16132 :
Amoria-N | 0.04 1.60 0,10 14.01 2.49 :
Cuorids (44,6 55.8 21,4 19.0 113.2
Flworids [0.39 10,16 0.38 0.98 10.78
Sulfate 356 195 1530 12637 3002
msoties 949 1675 2365|6414 _l6011
TS Solids |16 26 8 2411 4 oL
Axaiinity {315 | 333 166 596 449
scidity |18 17 52 56 92 BN~ e
Toalre |0.46 10.39 0.30 |2.46 10.23 24
Disc. Fe s
PR | ooy |16 36.0 |s41.8 1420 |
o |
Vil TR o L280 45 h402 1257 |
AT g !
n 15 |0.08 0.60 0.88 0.32_10.66 |
» A 0.64 0.05 0.76 ! D19 .07 i
v o |o0.04 |0.01 0.02 |o0.14 {0.02 !
» 2 |0.01 | 0.01 0.03 {0.03 10.03 j
" s D578+ :1-0:59 3.02 7.11  |8.10 '
- Bl L : f
e gl smeed '
g (% !
" v \
» Mo !
« ni |
v W |
T, bl :
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ARCONNE NATIONAL LADORATORY - ECT Water Data

Mine Nare (and/or code) Tate sy Byl

’ 2 Values in mg/i (except cend., pll, flow, and temp.)

: Sazpling Sites
301 spg | 303 305 RS 2355

Parameter l ‘ | |
Fiow, cfs ALL SAMPLING STIATIONS WERE FROZEN — INO DATA
Diss. 02 ‘

fﬂ (field)
pH (lab)
T=rp. (d:0) '

Terp. (air),
Cond. . ”‘_l i ]

Aoria-i

Odorils

Fiuorides
e

Sulfate

™ Solids

g2 Solics

2lkalinity

Acidity

Tazal Fe




7L

JRGONNE NATIOMAL L DGRATORY - ECT Water Data

Mine Name (and/or code) _ o —— Tate) 12/ 15y gae = S e
) : Values in mg/f (except cond., pi, flow, ard temr.)
5 D ol D DT = .
301 302 303__ 305 53 ling Si36s o e o
s - R T )
Parzrmeter | o
Rov, cfs | 0-37 |0.28 | ROZEN |
mss. 0 [11.8  [10.8 l11.0  |12.8 T : e o
W (siee) 7,55 17.90  17.90 17.80 ges0 1
TH (et e 5e 0139 7.49 7.39 20765 |
Tep. Ga)5.8  14.0 5.0 5.0 B8 | o
Tecp. (3ir) __J_ |
cond. 2009|424 662 1840 3945 | ' O
s Jom  p.06  lo.0g 0.3 P i i . o SHE
cioric: | 203.64 25.81 {14.38 ]27.89 23.89 | g L i
Awrit |0.92 .19 lo.07 10.36 ] i i e S
cafe | 789 h3s 511 1344 T i SR - el e
s | hos 1669 2159 : i
TS Salids | 66 ) 59 22 62 : i \
iy 259 |43 69 169 534 ] ~
e 145 ko 20 41 lss
Total Fe_ _Lg,_c,a_z___‘o_.e_z____qao 0.35 o T
e S :
v e 117,75 .10.52 _5_3.54 29.15 134.55 i
,_.iz__...__.__'r__ o l s
. uhe.93 m_;ﬂf? 4g [215.63 134,72 \.
iy |, | i
o w 10.18 0.418 0.15 0.397 0.91 | |
W oa liey w2 lo.s7 Gl i l 5 |
» ¢ 10.004 0.013 10.00 0.004 D.026 l
1~ 10.023 h.003 10.002 {0.001 D.027 |
s 12,60 10,26 g gge 1318 b.64 \
e :
5 L/ (¢} g i -
” r !
i :
- |
i Wi B e e — ‘T
T . 5 |
L i1 ' 14 Seiman st S O |
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2 ARGONNE NATIONAL L/ZORATORY - ECT Water Data

’

Mine Name (and/or code)

* . Valuss in mg/2 (except cend., pil, flow, and temp.)
s = .
301 302 303 305 _Ignﬁ'__[_lmfsnﬂlmg gt

Pa‘rﬁ.r.‘.eterl

Fles, cfs | 2.96 |3.12 | 0.12 10.07 |
Liss- 02 |9.8 g5 192 9.4 11.0 |
R (field) 7_.80 7.90 7.60 7250 7.30

) |7.09 7.62 17.64 7.50 7.96

Tero. (20017 T 9 U ol ' !
Texp. (2ir) l
Cand. 1460 306 892 1223 Jog =0 :
dowonia¥ 10,37 10.63 02027 BNIIROS 11.03

Corics 24,12 16.97 [18.58 120.86 22,06

Fuoride  [0,74 0.23 10.40 0.46 1.01

safase | | 105 499 842 2638

mSolits 1401 | 262 1208

TS Solids {242 67 209 8 30

#lkalinity |92 93 |88 132 402

2% 25 57

TemtFe |5,2] 13.09 11.42 0.37 0.167

Diss. e

s can 63 (i 5 9.63 88 84 |
" ‘ ; | i
vy |62 43 212 201 1285488 ‘ l
L Sy 1
w m [0.24 0.438 0.164 (0,30 0.26 o
v s lg.2s 11.86 Nh5,23 10.64 0,43 i
v o |0.014 10.008 ,023 [0.00 0.021 !
» 2 lo,021 |0.015 b.034 10.044 0.007 2
- s lo.06s lo.307 Do %1.60 4.26 -
" m 5 !

S DR 3 ,1 _T_—,___ _.Jrj ; !
= a | |
g g 0 : :
) | -
Ol TS S || e e f — 5 i l
g J T l
i e T :
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ARGONNE NATIOMAL IADORATORY - ECT Water Data

Mine Name (cnd/or code) ___ Date 4/12/77

Values in mg/t (except cond., pi, flow, and temp.)

__/-———-——___.__.________—___

301 302 303 _ 304 fHEPINS S 307 :
Parameter! _‘_ l T i ‘ :
Flov, cfs | 3.89 10.22 | DRY _|ory S
Diss. 0 |11.8 | 16.0 T2 9.5
w (fierd) [ 7.5 Buil 7.4 ShE e
pH (1ab) =96 9.07 8.47 8.12 N5
T Gi0)| 21 5P 52 22 21
Texp. (air)

Cond. 2002 1229 — | 3744|3869 1

s 0.0 4 1l ] 3.28 |1.90

Quorid: | 71.68 | 40.33 139.34 58.06 |22.20

Fwrize | 3.15 | 0.26 0.89 1.06 [1.00°

safste | 829 | 772 iss: 1117|2104

T Solids 1541 1 1482 990 3442 {3429

™ coues | 72.4 | 50.0 18.8 429.6 |47.6 -

Alkalinity | 354 264 178 390 |466 |

feidivy | 23 0 0 87 82

‘Tota). Fe 1.45 0.31 0.16 1.05 0.33

Diss. Fe

o o 17 44 38 80.7 |

. 1y {

A GO 95 329 101 922 ﬂi

. : : P

. | oop | 0.29 0.13 0.13 |0.83 i

B = 1 5097 | -1.69 1.43 - 0.99 |0.53 i

v o | 0.020f 0.003 0.005 0.008 | 0.015 !

» 2 |0.022 [0.040 0.00 ~_{0.009 |o0.011 q

< TR R ) 1.95 8.63 |8.38 ,

" Co ——'_— Il

- Cr l.

e :

L i

A |

CETYS e |
]
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g ARGONNE NATIONAL LADCRATORY - ECT Water Data

Mine Name (and/or code) Da

' : Valuss in mg/s (except cond., pli, 10w, and termp.

301 302 303 305 SyRLine 545°°

— s

—_—

Flov, cfz | 3,52 11.16_|0.14 1 0.07
Diss. Oz 102 7ht 9.6 10.6 12:0
Bl (field) | 7.70 17,80 7250 Z808RI7E00 7.00
p(ah) | 7.44 17.58 7.81 7.68 777 8.02
:';_3)-—_.—_—(?‘110_)“17 21 18 147 17/ 18

Terp. (air)

cnd. | 1068 533 1259 2296 [4214 1464

PEBSRE

weeiay | 0.33 lo.60 10,015 11.49 3.10 T | |

dovis | 22.78 l17.15 l19.11 |20.19 l20.81 121.43 |
Flworide | 0.72 10.22 0.44 0.44 10.18 0.98 ‘

—_——

Sulfate 349 205 575 1075 12641 2497
D Soliss | 615 289 8635 1702 4571 4642
75 Salids o1l 67 64 24 21,243 |38
Alkalinity | 77 122 95 220 272 315
cidity 16 23 9 23 47 38
Total Fe 3ioqt 1524 8.15 0.062 {0.096 {0.045
Diss. Fe

v 17 16.0 9,74 89 36.0 81

» .\v: ¢ d "
Ry 1520 76 468 416 431_ 1235

o wm 10,134 10.069 |0.207 |0.149 0.252  10.299
w s 1500 |1.83 l16.39 10.745:10.997 10.44

v e {0.003 {0.00 0.08 0.003 {0.00 0.003
w 2 |0.029 |o.018 10.037 }0.043 10.027 10.008
Sram D 1SRl n.16 1.65 11.96 4.64
w & P.028 [0.039 [0.047 |0.041 l0.029 10.043
% o [0-109 [0.0080.167 §0.09510.276 1'0L201

1
« ¢ {0.009 p.009 |0.041 0.009 ) 051 l
" v g ;
fad o
w w (0.011.b.ooe {0.010 p.o72 lo 754 wiies

e 0000 S0 5 O 00Ty D.047 (0.050 D.024
v py (0.0000p.0001 {0.0000p.000Q0 0.00000.0000
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ARGONNE NATIONAL LADIRATORY - ECT Wwater Data

Mine Name (and/or code) Date 3/31/71

Valuss in mg/f. (exceot cond., pi, flow, and teip.)

e ey TR s
Paranreter|
Flov, cfs |4.12 | 0.78 [DRY
Diss. 0: 9.6 8.6 8.8- [10.0 DA
Pl (field) |7.5 7.9 7l 7.9 6.9 6.9
piay) |7-39 748 706007 apely S0 RS
Terp. (h0)114 18 16 13 14 17
Tem. (air)
Cend. 2056 1387 |2055 | 3838 3974 : ]
seonial {0.33 0.55 0.031 |1.04 | 3.10 1.03 :
omories  |22.15 |17.42 18.76 |20.19 | 19.61 |21.17
e 074 110,18 0140 |10.45E {S0R15 0.90 i
Sulfate 826 | 767 Sk 1774 1418 2390
1D Solids | 1453 1490 918 1234 3975 3972
Teonds |39 24 38 |13 39 TR
A¥alinity | 37 126 106 203 327 312
Reidity 51 39 45 45 51 16
Tozal Fe 0.82 2.29 2.31 0.27 0.80 0.36
Diss. fe 2
AW Y i 44 % | 3@ 81.3 ;
o Mg 5 ’ ' ! . I
" __332‘_|_203 429 | 468 _4_199 1285_ l
s . ‘ Bl o b
b ns]10,33 | 10.35 0.13 10.13 | 0.38 | 0.32 |
L e R 0.87 -| 0.59 0.94 | 0.34 |
w o |0.03 0.02 0.02 | 0.01 0.02 0.03 i
» 2 |0.013 | 0.013 0 0.020 | 0.018 | 0.013
w s o), 117 0.14 0.16 | 1.68 1.94 Rl Gl oll e !
T =
$933 Coy i
e |
il i
Wi {1 |
L
oY, i)
. H~

being pumped in from the pit.
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° ARGONNE NATIONAL LADORATORY - ECT Water Data

JMine Name (and/or code) Date a2ty

Valuss in mg/2 (except cond., pi, flow, and temp.)

ah.. 302 303 gy SOEEIUSARES o
Para.méter' l | l
Flow, cfs |2.43 0.10 | DRY DRY
Ciss. Oz 12e2 1Ak 1056 13,0
iGN 7.8 7.3 7.4 7.5
P (1ab) it Fs Gl 6.6 Fq:0 T
Terp. (201] 14 20 20 16 18
Terp. (air)
Cond. S 3355 | . 7310 i
a0 37 123520 0.98 D455 x| 015 ]
Ouvorics | 81.86 | 51.76 5372 66.59 | 26.89
T | 0.64 | 0.20 0.71 1.01 | 0.80
sufste | 2805 | 1323 1264 5163 | 49
™ solids | 4635 | 864 2362 6650 | 5984
TS Sotids | 74.0 | 26.4 5.6 62,848 ]
M¥alinity | 306 48 112 515 395
bcidity 18 162 64 15 28
B0l 050 0.15 0.14 | 0.16
Disse ke s
e ch 7t 56 56 ' 92 95 [
v Mo ! |
S s R ER T 549 1306 | Losl 1
L] I % g
" 0.06 | 0.04 0.11 pisl 028
v oa 13.35 | -2.19 4,19 - 1.94 | 4.50
v o |0.005 0.011 0.012 0.014 |0.012 |
" m |0 | o 0 0 0
~ s |3.56 0.50 2.10 7 7 los ‘
5 ;
g 5
ot Cr I
v v |
i o |
n AN |
ey |
R . PR [ i
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ARGONNE NATIONAL LADORATORY - ECT Water Data

Mine Name (and/or code) Date __ 3/9/77

Values in m_g/i (except cond., pil, £flow, and temp.)

o

—_—

301 302 303 304 ‘Sj"‘_fjgl_i_n_‘isnes PP mm e il S,
Parameter | \ i _1 ;
Aov, cfs |{7.31 Q1 DRy * | DRY
Diss. 0 9.9 14.0 8.5 :

P (Fieid) | 7.2 7.9 g 5 6 e o o
waw 7,70 lg o 8.08 4{
Terp. (40| 17 21 22 N Iy

:I:i:p:.(air) i I 41
cnd.  |6210 | 876 2897 s By lb26s ‘
roordaN 10,37 12,84 Q.78 15057 ; 0.15 ._
Cdorids 172,35 148,72 143,81 71,50 | 45.36 T e
Floride | 0.57 _10.19 0.65 0.88 | 0.75

Sulifate 2968 201 1276 3121 2760

D Solids ein. - e

S | 26.8 (8.4 5.2 78,916 | 17.2°

atinicy | 376 1290 169 373 495

feidity | 89 0 18 102 99

Total Fe 0,37 (h1 25160 0,02 ORSIE 0.19

Diss. fe %

v oo | 43 72.3 27 5o || El |
4 : d ___!
e s 1 554 1310 | 1267 \
-y ' .
“ 3 | 0.05 |0.03 0.02 0.15 | 0.10 |
e B06 2. 17 3.89 - 1.94 | 4.45
fQ 0.07 10.01 0.01 1.0.02 0.02 i
» = {001 10.00 0.003 0,03 | 0,01 gy
» sr | 3.46 10.39 2.06 7,92 1 7.10 x
T S - i
e = i
LA 2 ‘
oo i
e }o \
» Ni l
. |
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ARGONNE NATIONAL LADORATORY - ECT Water Data

Mine Name (and/or code)

Values in mg/% (except cond., pi,

_Date __5/23/77

flow, and temp.)

301 302 303 304 Sggeling S3E8S 307
Parameter |
Flow, cfs |1.34 0.13 |DRY DRY
miss. 0; | 9.1 7 10.3 e
H (Gie1d) | 7.5 7.8 7.5 e 7.6
pi(sb) 17.59 | 8.30 8.09 7.55 178
Tern. (:0)] 24 25 25 25 24
Tesp. (air)
Cond. 5993 _[9649 3321 6348  |6917 !
o ST FETT 0.08 Gy 50
Quorids | 114.33|67.44 242.06 30.82 |29.03
=1%o D221 0.82 0.92  |0.93
safete | 3578 1059 4059 13571
™ se1ids | 5780 2814 6587 | 6649
1S Solids 68 32 Al 135361159
Avalinity | 491 {302 226 456 527
boidity 59 0 6 100 55T
sl 023 0.10 0.05 }0.20
Diss. Ye 7
o e 49.2 118 123
" Mg
T D 763 Tl Sei
O o1hon 1228 12,17 5.49 |5.06
wa D023 inNas 0.31 0k e lona)
v 1 | 0.56 |0.64 0.48 - 076 |7 j
v o | 0.019]86.004 0.001 0.047 |0.034 ;
n 2a | 0.010| 0.004 0.007 0.004 10 ‘
n s 564 |02l 1.41 4.99 5.18 e
" cd 1}
FE !
= Cr '
A i
L Mo |
! Ni |
A l
P T e _’_Il‘
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Mine Name (and/or code)

Values in mg/2 (except cond., p'i,

ARGONNE NATIONAL LADORATORY - ECT Water Data

flow, and tem.)

Date _6/6/77

_—

300 302 303 _ 304 SpLins g T
Paran.eter‘ . .
Flow, cfs |8-30 (0.01 DRY DRY / |
Diss. Oz 8.4 9.0 Bl 76" l
P (e | 7.3 8.0 7.6 7.3 7 |
o || 7-51 |'B.22 .30 4
Terp. @026 27 28 25 | 27 |
Terp. (ain) |
Cond. 6913 (1022 3982 7302|7585 !
Bnias | 2,00 10.405 0.30 3.99 |3.28
e 126971 203.65 58.86 |28.81
e il9i36 10135 0.415 0.59 0.52
same | 1331|198 1530 loag 1988
™ so1i¢s | 6056|707 2868 6709 | 6614 |
S sonids | 78.4 [45.2 26.4 157Lh0 |67y
P jphas 1301 T | 243 439 543
Acidity 84. 0 i 0 115 88
ol Fe | 0.187 |0.097 0.061 0.036_10.191
Diss. Te
S0 130 A5HE 73'3 |88 |

8 S .
" 3 l |
B | 1556 ; 06 st % e 867 1510 ;
" ¥ _—-'___’_ l,
0,095 0 =] 0 0.015 |0.023 “
" om 1.009 | 1.065 0.392 0.729 | 0.672 i
w o | 0.028]0.020 0.023 0.032 | 0.013 |
» 7 | 0.016{ 0.001 0.005 0.003 |0.025 |
" st A5z |L0-39 1.93 7.03 | 6.81 |
= s | 4.52 1 0.9 4
& o1 [p-010 [0.013 0.012 0.038 ¥.012 @
w ¢ [.008 }0.008 0.002 0 .| DRSS :
Sz o000 |0-a0n 0.001 0.002 10.001 |
._———————-———‘—' =3 \
Ll v b 4, ;
w o ;
c———] 1
:__&_0.023 h.005 h.002 0.180 l0.015
:_erP;p_y_ 0.013 0% 022 0.030 183

— \
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* ARGONNE NATIONAL LADORATORY - ECT Water Data

Mine Name (and/or code)

Values in mg/2-(except cond., p,

Date 6/20/77

flow, and temp.)

301 302 363 304 307
Parameter l |
S oraanios|Fato2 | DRy DRY
Diss. 0: 7.9 ki fd 8.4 8.4
P (field) 7.3 7.8 77 7.4 ol
M) |7.43 8.09 802 2 g .49
Terp. (C)! 25 28 28 24 26
Terp. (air)
Cond. 6276 |938 4225 5791 . i
Amonia-y | 0,142 1.98 0.048 13.100 ]2.30 :
Quorids | 116.12}76.82 251.44 59.62 126.30
Flrorids | 0.685 {0.182 0.840 4.20 | 0.940
Sulfete 1274 | 227 1676 2469 951 .
D Solids 6003 | 839 : 3439 6324 6246
15 solies | 73.2 | 30.8 178.0 248.8 |[59.2°
Alkalinity | 511 301 224 493 423
Acicity 679 50 0 431 1223
Total Fe 0.302 | 0.029 0.073 0.015 | 0.007
Diss. fe 5
TR G D] 39 58.7. 140 165 |
" Mg i
iy D 789 1210 | 1051 i
" X = ‘;
n M 0.005| 0.019 0 0.237 | 0.403 '
w a 10.747 | 0.469 0.278" 0.395 |0.088 i
v ¢ | 0.003] 0.006 0.004 0.050 | 0.001 l
e 0.015| 0.006 0.001 0 0.012 |
05 4.097| 0.418 2.244 6.348 | 6.490 !
e |
ST i
B |
" v ‘|
G |
i |
. 4] —i
g Hg i




Mine Name (and/or code) A

ARGONNE MATIONAL LAPDR

Values in mg/% (except cond., R,

81

\TORY - ECT Water Data

Date

flow, and temp.)

301 02 303 304 oplins e a0r - S
Parameter‘r ' B T T’———‘ :
Flow, cfs 2,010 10013 DRY DRY . }
=0, | 8.6 |7.0 8.3 4.6 11.4 i
M o(Eiel) | 7.4 8.4 el 7.8 8.0 ______J
() 16.99 8,39 ;.85 16.91 L-SA,_ ,_l
Terp. G4O)| 25 28 32 25 a2 ey
Teap. (air) i ‘ |
Cond. 3791 | 1035 3210 | 4061 | 5222 1 :
fmoniay |1.82 | 1.04 0.078 | 0.043 | logg 1 o
Cdorids | 115.311 49.62 184.89 | 25,05 | | 26 97
Ruwride |0.48 | ©.116 0.798 | 0.505 | | 0.587 |
Suifate 11199.91 202.5 2102.4 ______‘ 2346 8 E]
cocs (362BIN1N603 = 2_5_6_5____(_4_;_9_8________ i '__S_Qlﬁ___ 1o
TS Solids | 45.6 50.0 Sllun To BSIRAG RS | 54.8
Axalinity | 406 284 216 308 | 355 i
2 o 144 1311 | 843
Toz1 Fe | 5.106 | 0.011 0.202 | 1.122 | 0.266
Diss. Fe ___________;____,______

w ca |48.9 14.7 21 51.3 5 44.1 !
n w1544 143 745 939 1364 i
- x i
11 511 | 0.071 0.009 | 1.976 0.234
ST | 2050401 0.06 0.476 | 0.535 0.389 |
G | 020338(30:004 0.013 | 0.024 0.021 '
» zm |0.058 | 0.003 0.035 | 0.130 0.055 |
- s | 4.52 | 0.27 L5 3.59 | 4.57 i
EERScoRlE & '
L Cr ll
by \
n o 1 — ]
o Ni
. 7b
it H; 8

BT
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Appendix F

Graphs of Water Quality Parameters as a Function of Time
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